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The purpose of this study was threefold. First, it examined K-6 pre-service 
teachers’ Technological Pedagogical Content Knowledge (TPACK) self-efficacy for 
math content area. Second, it identified the impact of Technology Knowledge (TK), 
Pedagogy Knowledge (PK) and Content Knowledge (CK) self-efficacy on TPACK self-
efficacy. Third, it evaluated the change of pre-service TK, PK, CK and TPACK self-
efficacy during a semester.  The study was guided by Technological Pedagogical and 
Content Knowledge (TPACK) theoretical framework and Social Cognitive Theory on 
self-efficacy.  
The study adapted the widely used Schmidt, D. A. et al. (2009) survey instrument 
to address the purposes of this study. Interview data was collected to address content and 
face validity of the instrument and to understand pre-service teachers’ experience during 
their teacher education program.  
Based on the pre-service interview results (n = 8), the findings provided sufficient 
evidence of content and face validity of the instrument used in the study. A sample of (n 
= 239) post survey data at the end of a math block at Midwestern public university (in the 
United States) teacher education program was used in Confirmatory Factor Analysis 




factor correlated measure TK, PK, CK and TPACK pre-service teachers’ self-efficacy 
using CFA. 
 The SEM result indicated TK and PK self-efficacy significantly predicted 
TPACK self-efficacy in K-6 Math.  However, CK self-efficacy did not predict TPACK 
self-efficacy. The pre-service teachers believe technology helps more to teach higher and 
complex level math contents. This belief might have brought the insignificant result on 
the prediction of CK on TPACK self-efficacy in elementary math content.  Finally, the 
repeated measure ANOVA (n =158) result revealed significant changes in TK, PK, CK 
and TPACK self-efficacy during a semester based on paired pre and post data during a 
third-year math block.  
              Based on the findings, this study provided recommendations. The 
recommendations included, but were not limited to, TPACK intervention study specific 
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Chapter 1. Introduction 
               In recent years education has been experiencing rapid change, mainly because 
of the development of internet technology and changes in day-to-day social activities. 
Digital technologies are continually changing (Hamilton et al. 2016).  The fast-paced 
changes in digital technologies coupled with new software and their applications are 
impacting the teaching and learning process in schools (Mishra et al. 2009, Koehler and 
Mishra 2008).           
          Recent studies have emphasized the importance of building students’ 21st -century 
skills to learn and participate effectively in different sector areas such as science, 
technology, engineering, and mathematics (STEM) fields (Ananiadou & Claro, 2009; 
Bellanca, 2010; Griffin & Care 2015; Scherer, 2017; Stehle & Peters-Burton, 2019). 
International Society for Technology in Education (ISTE) promotes learning of 
technological concepts, hardware and software, legal and ethical consideration, and 
cultural and societal issues (ISTE, 2017). 
Scherer (2017) explained the rapid development of digital technologies in the 
21st-century which has dramatically changed the way our society lives and interacts. 
Curriculum developers endeavor to use this opportunity to help students learn effectively 
in the digital era. To address student needs in an ever-changing technology landscape, 
teacher educators who prepare future teachers aspire to integrate technology into the 
teaching process effectively while training K-12 teachers on how to best use technology 




Therefore, this study focused on a public mid-western university elementary 
teacher education program that prepares future teachers on how best to integrate 
technology in the classroom.  
Terms and Definitions 
Technology. For the purpose of this study, technology is defined as digital tools 
(both software and hardware) used to facilitate student learning. Technology includes 
computers, laptops, tablets, software, and apps.  
Technology integration. In this study technology integration is the process of 
using technology in the teaching process to help students learn content effectively and to 
develop 21st -century skills such as ethical, social, and emotional behavior. 
Technological Pedagogical Content Knowledge (TPACK).  TPACK is defined 
as the interplay among Technology Knowledge (TK), Pedagogy Knowledge (PK) and 
Content Knowledge (CK) to bring effective technology integration practices in the 
teaching and learning process in a given context (Koehler and Mishra, 2009).  
TPACK self-efficacy. Defined as belief and perception of Technological 
Pedagogical and Content knowledge and skill. 
Elementary Pre-service teachers.  Students who are in teacher education 
program to become K-6 teachers. The training includes but is not limited to pedagogy 
(method) courses, content area courses, technology courses, and field experiences.  
Teacher educators. Professors that are preparing pre-service teachers to become 





The importance of developing 21st century student learning skills in K-12 is well 
accepted among teacher educators and teacher education programs (Robin, 2008; 
Scherer, 2017).  Teacher education programs promote technology integration training and 
professional development (Scherer, 2017). But the question arises on how teacher 
education programs prepare K-12 teachers in effective technology integration skills? 
What self-efficacy will pre-service teachers acquire during their teacher education 
programs to help their K-12 students develop 21st -century skills? This section explores 
social cognitive theory and the TPACK framework that underpin this study. 
Social cognitive theory.  Schunk et al. (2014) explained self-efficacy is a 
psychological construct that is also a key component of social cognitive theory. Schunk et 
al. (2014) further noted: “motivation affects both learning and performance”.  One aspect 
of motivation is self-efficacy. Self-efficacy is described as a personal judgment of one’s 
capabilities to deal with tasks to arrive to at a proposed goal. Self-efficacy can be 
assessed across activities and contexts (Bandura, 1997).  
Learners’ belief in their efficacy can significantly influence their ability to 
perform in the real working environment (Bandura, 2002). Empirical studies have 
repeatedly noted that beliefs about technology and TPACK play a critical role in 
technology integration future performance (Scherer, 2018). 
Bandura (1997) asserted four main sources of self-efficacy:  mastery experiences, 
social persuasion, emotional and physiological states, and vicarious experiences. These 




Mastery experience refers to learners’ experience of success in gaining knowledge 
or skill based on the goal of a task, a course, or a program.   
Social persuasion refers to the influence of society, teachers, parents, or peers on 
learners’ beliefs.   
Physiological states refer to learners’ feelings and comfort in a particular area of 
learning. Nakaue et al. (2019, p.29) noted “The most compelling research regarding the 
impact of physiological states, particularly of anxiety, on the self-efficacy of women and 
minorities in STEM careers and areas of study is found in the literature on stereotype 
threat.” 
Vicarious experiences refer to the experience of a learner through observation of a 
modeled behavior. Schunk et al. (2014, P. 129), explained “social cognitive theory 
distinguishes learning from the performance of previously learned actions. People learn 
much by observing models, but their knowledge and skills may not always be evident at 
the time of learning”. Modeling has a positive impact on learners’ cognition which leads 
to rapid learning, transfer of knowledge and retention over time.  It is also a factor that 
enhances motivation because learners tend to repeat the modeled behavior if they believe 
it is useful (Schunk et al., 2014; Zimmerman,2013). Learners who get the opportunity to 
experience live cognitive models in person with explanations for the modeled behavior 
through electronic or print media display higher learning outcomes than students that 
only observed the models (Zimmerman,2013). 
Technological Pedagogical and Content Knowledge (TPACK).  Mishra and 




teaching and learning processes which is a proper use of technology to teach content with 
meaningful pedagogical strategy. The TPACK framework has become widely accepted 
among researchers and practitioners since it explains the complex interrelation among 
technology, pedagogy and content knowledge that guide educators to integrate 
technology in classrooms (Archambault & Barnett, 2010). 
TPACK expanded from the well-known conceptual framework Pedagogical 
Content Knowledge (PCK). Shulman (1987) asserts Pedagogical Content Knowledge 
(PCK) teachers should have both content knowledge and pedagogical knowledge to teach 
effectively. He further, claimed PCK was created as an identifiable body of knowledge 
that integrates pedagogy and content. There is a specific knowledge that is separate from 
pedagogy and content. For instance, the knowledge of elementary math content is 
different from the knowledge of how to teach elementary math content.   
Scherer (2017) noted PCK represents a blend between content and pedagogy to 
explain how lessons are designed to address leaners’ instructional needs (see figure 1). 
TPACK framework was created by adding Technological Knowledge (TK) to the 




       
 
Figure 1. PCK Adapted from Shulman (1986, 
1987) 
 
Figure 2. TPACK framework reproduced with 




            Koehler and Mishra (2009) argued teachers should have knowledge and 
competency in three main components of knowledge domains, namely Content 
Knowledge (CK), Pedagogical Knowledge (PK), and Technological Knowledge (TK), to 
teach technology integration and facilitate learning activities.  
Mishra and Koehler (2006) also asserted teachers should understand the four 
additional components derived from the interaction of CK, PK and TK for effective 
integration of technology in the teaching and learning process. The four additional 
interrelated knowledge domains are Pedagogical Content Knowledge (PCK), 
Technological Content Knowledge (TCK), Technological Pedagogical Knowledge (TPK) 
and Technological Pedagogical Content Knowledge (TPCK) (see figure 2).  




framework are explained as follows: 
1. Technology Knowledge (TK) refers to digital literacy or the ability to use information 
technology to perform different tasks and solve problems such as browsing 
information, selecting, and evaluating information, and using digital equipment and 
software. 
2. Pedagogical Knowledge (PK) is the method employed by teachers to help learners 
learn effectively. 
3. Content Knowledge (CK) can be any lesson from any topic that students learn. 
4. Technological Pedagogical Knowledge (TPK) is representational and metaphorical 
connection to technology and pedagogy. It is an understanding of the use of 
technology according to changes in context and purpose of the lesson to be learned. 
5. Technological Content Knowledge (TCK) is representational and metaphorical 
connection of content with technology.  
6. Pedagogical Content Knowledge (PCK) is Shulman’s (1986) idea of applying 
pedagogical content to teach specific content.  
7. Technology, Pedagogy, and Content Knowledge (TPACK) is a knowledge domain 
that enables teachers to integrate technology effectively in the content area they teach 
with appropriate pedagogy. In other words, it is teachers’ knowledge to address the 
objectives of the content they teach with pedagogically sound use of technology. 
 
TPACK framework brings many opportunities in promoting study in teacher 
education in the use of technology in education (Koehler and Mishra; 2009). It allows 




technology integration process, but also as an interconnecting component in the broader 
context of the teaching and learning environment of content and pedagogy. Therefore, the 
TPACK model is a conceptual framework that helps teachers integrate appropriate 
technology for the content they teach using an effective pedagogical approach (Koehler 
and Mishra, 2006). 
Statement of the Problem 
Albeit many studies used TPACK as their theoretical framework to understand 
pre-service teachers’ technology integration knowledge and self-efficacy, TPACK studies 
still have limitations (Archambault & Barnett, 2010; Scherer, 2018; Schmidt et al.,2009). 
For example, on examining the validity of the TPACK model using quantitative analysis 
(Archambault & Barnett, 2010; Schmidt et al.,2009; Zelkowski, 2013), only a few 
quantitative studies were able to identify all seven knowledge domains that the TPACK 
framework proposed (i.e.TK, CK, PK, TCK, TPK, PCK and TPACK) (e.g., Schmidt et 
al.,2009).  
Conversely, a number of studies could not identify all seven knowledge domains 
in the theoretical framework and questioned the validity of the TPACK model (e.g., 
Archambault & Barnett, 2010). Still other studies found high correlation among the seven 
knowledge domains (Archambault & Crippen, 2009; Cox and Graham, 2009). 
Archambault & Barnett (2010; P.1661) noted: “.... the validity of the TPACK 
model, which might be effective in the hallways of academia, but perhaps provides 




Koehler (2006) noted TPACK framework has its limitations but having a framework for 
technology integration would be better than not having a framework at all.    
Validity of TPACK Model. Mishra & Koehler (2009) argued that the TPACK 
framework has seven knowledge domains TK, CK, PK, TCK, TPK, PCK and TPACK. 
Albeit the authors noted effective technology integration in teaching and learning 
demands the understanding of the TPACK framework with the seven knowledge domains 
based on a certain context. Studies reported limitation on the existence of the seven 
knowledge domains of the TPACK (Archambault & Barnett, Voogt et al. 2013). 
A large body of study was conducted to measure and validate teachers’ TPACK 
in a self-report survey (Archambault & Barnett, 2010; Cox and Graham, 2009; Schmidt 
et al,2009; Graham, 2011; Voogt et al. 2013; Zelkowski et al, 2013).  Only a few studies 
could identify all seven knowledge domains separately as proposed by TPACK 
theoretical framework (E.g., Schmidt et al, 2009). Many studies could not statistically 
support the existence of all seven knowledge domains and proposed further investigation 
of TPACK framework (Archambault & Barnett, 2010; Graham, 2011; Voogt et al. 2013; 
Zelkowski et al). 
Archambault & Barnett (2010) applied a factor analysis to validate TPACK 
model by examining 1795 online teachers. Unlike TPACK theoretical framework, the 
results from the analysis indicated the seven knowledge domains were challenging to 
separate and the only knowledge domain that stood out was the technology domain (TK). 
Koh et al., (2010) also conducted a factor analysis with a sample size of 1185 pre-service 




CK, PK, PCK and TPACK). Similarly, Chai et al., (2011) conducted factor analysis and 
was able to identify five knowledge domains (i.e., TK, CK, PK, TPK, and TPACK). 
Existence of High Correlation. Many studies worked in different contexts, 
participants, and subject areas to come up with different combinations of TPACK 
knowledge domains. Studies argued there should be further investigation of identifiable 
boundaries of the TPACK knowledge domains (Graham, 2011; Voogt et al. 2013). 
Earlier studies revealed concerns related to difficulties in differentiating TPACK 
subdomains, for example, PK and PCK or between TPK and TPACK (Archambault & 
Crippen, 2009 and Schmidt et al 2009).  
Archambault and Crippen (2009) noted expecting distinct domain knowledge 
between CK and PCK is untenable. The highest correlations calculated by Archambault 
& Crippen (2009) were between PK and PCK and between TPK and TPACK, while the 
highest correlations calculated by Schmidt et al (2009) were between TPK and TPACK. 
Tabachnick & Fidell (2019) explained that if correlations between construct variables are 
very high, the constructs are the same construct, and it is a multicollinearity concern.  
As opposed to TPACK framework, which assumes seven separate knowledge 
domains, studies found high correlations among the TPACK knowledge domains 
(Archambault & Crippen, 2009 and Schmidt et al 2009).  Although TPACK framework 
argued there are a set of seven related TPACK knowledge domains, there is no consistent 
result on the correlations among the TPACK knowledge domains and the existence of 




Measuring TPACK with Self-report. For both in-service and pre-service 
teachers, the TPACK competencies can be assessed during the performance of 
technology integrations into lessons. TPACK can also be assessed based on the change in 
pre-service teachers’ performance after completing a lesson using TPACK model 
(Koehler et al., 2012).  
 The most widely used TPACK measure for pre-service and in-service teachers is 
a self-efficacy beliefs survey report (Scherer et al., 2017, Voogt et al. 2013). A number of 
instruments have been designed and adapted to measure pre- service and in-service 
teachers’ self-efficacy in TPACK (Archambault & Crippen, 2009; Archambault, & 
Barnett, 2010; Lee & Tsai, 2010; Sahin, 2011; Schmidt et al. 2009; Zelkowski et al.; 
2013). 
Self-efficacy reports alone do not give a complete picture of teacher knowledge 
and competency regarding technology integration (Abbitt, 2011; Chai et al., 2011, 
Scherer et al., 2017). Yet, much research in TPACK self-efficacy indicates self-efficacy 
scores would predict future teacher performance (Bandura, 1987; Scherer et al., 2017; 
Voogt et al. 2013). 
On the other hand, there is always a response bias for all types of self-report 
assessments since participants may respond on what they want to be instead of their real 
beliefs (Cook & Beckman, 2006; Lohr, 1999; Nunnally & Bernstein,1994). 
Additional Factors for Effective Technology Integration. The TPACK model 
is limited to the three core knowledge domains of technology, pedagogy and content 




the three within the context of technology integration learning.  TPACK model asserts for 
effective technology integration practice, teachers should have an understanding of TK, 
PK and CK with their interrelated domain areas (Koehler & Mishra, 2006; Mishra & 
Koehler, 2009).  
There are other factors involved in technology integration self-efficacy and 
knowledge development, such as motivation, beliefs, and attitudes towards technology, 
pedagogy, and technology integration knowledge (Lehtinen et al., 2016; Kim et al, 2013; 
Scherer, 2018; Teo & Noyes, 2011; Voogt et al. 2013). Further, pre-service background 
and experience in observing technology integrating activities in classroom are vital for 
their TPACK development (Foulger, 2017). TPACK framework is also missing 
knowledge domains that teachers should have for effective technology integration related 
to legal and ethical consideration (ISTE, 2017). 
Few Studies in Specific Domains. Even though several TPACK studies 
conducted a statistical analysis in different contexts with a large sample size, most of 
them were not focused on specific content areas (E.g., Sahin, 2011; Saudelli & Ciampa, 
2016; Scherer, 2017; Scherer, 2018). Angeli et. al (2014) suggested that the TPACK 
study should be more focused on specific content and context-specific areas. 
There were very few quantitative studies that were conducted with pre-service 
TPACK in specific content areas, specific pedagogical strategy, or specific technology 
use (Eg. Agyei & Voogt, 2015 in math content and using a spreadsheet; Horzum, 2013 in 




Studies in Elementary Math Content.  A number of studies investigated in-
service and pre-service teachers’ TPACK as domain generic by combining different 
subject areas. For example, Dong, Chai, Sang, Koh, & Tsai (2015) conducted a 
quantitative TPACK study with in-service and pre-service teachers in six subjects: 
Chinese language, English language, history, education, math, and physics. Scherer et al. 
(2017) and Koh et al. (2010) also conducted TPACK quantitative study across various 
subjects.   
Jang & Tsa (2012) conducted a TPCK study with in-service teachers teaching 
math and science. Niess et al. (2010) used a qualitative interpretive case study with K-8 
in-service teachers teaching math and science with a spreadsheet. The authors 
investigated in-service teachers’ TPACK growth during a semester from ranged from 
accepting TPACK, adapting TPACK, and then exploring TPACK.    
While few studies investigated TPACK in a content-specific domain, there are 
few to no quantitative method investigations in TPACK in elementary math content.  For 
example, there were few studies that employed qualitative or mixed methods to assess 
pre-service TPACK development in math content area (E.g., Lee & Hollebrands, 2008; 
Polly, 2014; Smith & McIntyre, 2016).  
Polly (2014) investigated TPACK development with in-service teachers who 
participated in their district's technology and mathematics workshops. The authors 
conducted a yearlong study with in-service teachers teaching lower-level elementary 
math. They used inductive qualitative analyses after gathering observational data on the 




posed while integrating technology. The result indicated there was a need and desire from 
the in-service teachers to learn more about technologies to support mathematics.    
Agyei & Voogt (2015) investigated pre-service teachers’ TPACK development 
during an instructional technology semester course focused on math content. The pre-
service teachers were guided to align theory and practice, and they collaborated in 
preparing their lessons. Further, the researchers observed modeled practices of 
technology integration. The authors analyzed data collected from lesson plans, 
observations, and self-reported data on TPACK and attitudes towards technology.  The 
result showed improvement in the pre-service teachers’ TPACK development. The pre-
service teachers also reported the most significant contribution to their TPACK 
development was feedback provided from their teacher educators and their peers on 
technology integration sample projects.  
In the 24 articles systematic literature review conducted for this study, only one 
(Zelkowski et al, 2013) focused on pre-service teachers’ TPACK self-efficacy in math 
content. Zelkowski et al (2013) investigated the validity of the TPACK measure with 
secondary pre-service teachers using Exploratory Factor Analysis (EFA) and 
Confirmatory Factor Analysis (CFA.) None of the quantitative studies focused on 
elementary school pre-service teachers’ TPACK self-efficacy in math content.  
Purpose of the Study 
The purpose of this study is threefold. First, the study examined K-6 pre-service 
teachers’ Technological Pedagogical Content knowledge (TPACK) self -efficacy 




measuring pre-service teachers’ TPACK self-efficacy was applied in this study. Next, the 
study identified the impacts of separate domain self-efficacy of Technology Knowledge 
(TK), Pedagogy Knowledge (PK) and math Content Knowledge (CK) on TPACK self-
efficacy. Finally, the study evaluated the change in TK, CK, PK and TPACK self-
efficacy during Spring 2017, Fall 2017 and Spring 2019. 
To investigate TPACK self-efficacy this study used self-report survey data 
collected on TK, PK, CK and TPACK self-efficacy survey items at a public mid-western 
university elementary teacher education program. To minimize the generic content issues 
in TPACK study the researcher focused on elementary math content TPACK self-
efficacy.  
Due to the fact that a number of studies could not identify all seven knowledge 
domains (Archambault & Barnett, 2010; Chai et al. ,2011; Koh et al. 2010; Voogt et al. 
2013; Zelkowski et al., 2013), the current study only focused on the three main 
knowledge TPACK framework domains, namely Technological Knowledge (TK), 
Pedagogical Knowledge (PK) and Content Knowledge (CK) pre-service self-efficacy.  It 
investigated the factor structure of TPACK self-efficacy and found the impacts of TK, 
PK, and CK self-efficacy on TPACK self-efficacy. It also investigated the change in TK, 







Research Approach and Philosophical Worldview 
  This study used mainly a quantitative approach using survey data to investigate 
the problem study. The purpose of using a quantitative study design was to validate the 
TPACK instrument with elementary pre-service teachers to provide additional insight 
using empirical evidence from existing TPACK studies.  It provided empirical evidence 
on factors that predict TPACK self-efficacy. Further, it examined the change in TPACK 
self-efficacy over three semesters of an elementary teacher education program. 
Qualitative data was also used for face and content validity as well as to understand pre-
service teachers experience during their teacher education program. The qualitative 
interview result was used to explain the quantitative result. 
One of the research gaps was the scarcity of strong quantitative research in 
elementary math TPACK self-efficacy and development. In understanding of pre-service 
TPACK, there were inconsistent results from previous studies in validating TPACK 
measures which necessitates replication of results in different contexts, different subject 
areas, different pedagogical approaches, and technology choices.  Many quantitative 
studies have recommended further investigation of TPACK self-efficacy studies (e.g., 
Lehtinen et al., 2016; Kim et al, 2013; Scherer, 2018; Teo & Noyes, 2011; Voogt et al. 
2013; Archambault & Barnett, 2010; Graham, 2011).  
Koehle et al (2012, P.17) pointed out, “Study on the role and impact of 
technology in education has often been criticized for being theoretical in nature, driven 




and frameworks”. In addition, there has been a scarcity of quantitative TPACK studies 
that are specific to elementary math. 
The current study only focused on the four constructs for three main reasons. 
First, earlier studies did not replicate consistently the seven knowledge domains emerging 
from the TPACK theoretical framework (Chai et al, 2011; Kaya & Dag ,2013). Second, 
several studies at least commonly identified the four knowledge domains TK, PK, CK 
and TPACK in different contexts, different levels of education, and different content 
areas (Baser et al. 2016; Chai et al, 2011; Ching et al, 2010, Kaya & Dag, 2013; 
Zelkowski et al, 2013) but there was little, or no research done for elementary math 





  This study seeks to answer the following questions:   
   
1. What is the degree to which elementary pre-service teachers’ Technological 
Knowledge (TK), Pedagogical Knowledge (PK), Math Content Knowledge (CK), 
and Technological Pedagogical Content Knowledge (TPACK) self-efficacy are 
identified as four intercorrelated dimension measures?  
Hypothesis (H1).  TK, CK, PK and TPACK are identified in the measurement 
model. 
2. To what extent do Technological Knowledge (TK), Pedagogical Knowledge (PK) 
and math Content Knowledge (CK) self-efficacy affect elementary pre-service 
teachers’ math technology integration self-efficacy (TPACK self-efficacy)? 
 Hypothesis (H2). TK, CK and PK positively predict TPACK self-efficacy. 
3. Were there changes in TPACK, TK, CK and PK self-efficacy at the end of Spring 
2017, Fall 2017, or Spring 2019 semesters? 
a) To what extent had TPACK, TK, CK and PK self-efficacy changed during a 
semester? 
b)  Were there group differences between the three semesters, namely Spring 





   Hypothesis (H3).  H0a: The pre and the post means of TPACK, TK, CK and PK 
self-efficacy are the same at the beginning and at the 
end of semesters (µPre=µPost). 
                                              H1a: There are positive changes in TPACK, TK, CK and PK  
self-efficacy during a semester. 
                                        H0b: There is no interaction between time and semester (On 
average, change in TPACK, TK, CK and PK self-
efficacy are the same for all semesters) 
                                        H1b: There is an interaction between time and semester 
(Change in TPACK, TK, CK and PK self-efficacy are 
different in different semesters).  
Organization of the Dissertation 
  Chapter 2 discusses a review of literature in teacher development including ten 
years of studies of TPACK. Chapter 3 explains the methodology of the study and Chapter 
4 includes the study results. Chapter 5 summarizes the study discussing the findings and 
limitations and making recommendations for future studies. Finally, the appendices 





Chapter 2.  Review of Literature 
Pre-service Teachers’ Development                
In the current fast paced digital technology era, teacher education programs 
demand up-to-date curriculum that support pre-service teachers’ technology integration 
self-efficacy to empower them building 21st -century skills in K-12 classrooms 
(Ananiadou & Claro, 2009; Bellanca, 2010; Griffin & Care 2015; Hamilton et al, 2016; 
Scherer, 2017). Teacher education institutions employ different strategies to train their 
pre-service teachers in effective use of technology in classrooms.  
Teacher education institutions design technology integration programs and 
curriculums to train pre-service teachers by delivering courses related to technology 
integration and separate technology, pedagogy, and content courses. In addition, teacher 
education programs also provide field experience for pre-service teachers in schools. 
There are also initiatives in teacher education programs to model technology integration 
across curriculum by teacher educators (Foulger et al, 2015; Foulger et al, 2017; 
Hennessy, 2005; Mishra & Koehler, 2006; Polly et al., 2010; Polly, 2014; Puentedura, 
2006, Thomas, Peterson, & Abebe, 2019). 
Several studies examined pre-service TPACK development during semester 
courses or professional development training in teacher education programs (Niess, van 
Zee, & Gillow-Wiles, 2010; Polly, 2014). Recent teacher education programs endeavor to 
develop technology integration competencies with a combination of multiple strategies of 
delivering separate technology, pedagogy, and content courses, delivering technology 




also collaborated to model effective technology integration practices across teacher 
education program curriculum (Thomas et al., 2019; Tondeur et al., 2012).  
Niess et al (2009) investigated the type of knowledge pre-service teachers need to 
teach mathematics with technology and proposed a Mathematics Teacher Development 
Model for teacher education programs. The authors explained pre-service TPACK in 
math develops step by step through recognizing, accepting, adapting, exploring, and 
advancing technology integration practices to teach contents.  
Lee & Hollebrands (2008) conducted a five-week study with middle and high 
school pre-service teachers on their math TPACK development through creating 
technology supported lessons.  The result revealed that the process helped the pre-service 
teachers in developing understandings of mathematic as well as developing TPACK 
competency. The instructional strategy used in the five-week study was able to engage 
pre-service teachers in solving mathematics problems using technology tools. Further, it 
encouraged them to reflect their experience of technology integration process. The 
authors noted pre-service teachers not only developed their math TPACK, but also helped 
their preparation for their future classrooms.  
Tondeur et al. (2017) study result revealed modelling technology integration by 
teacher educators during the teacher education program was one of the most important 
factors in pre-service TPACK development. Field experience also appeared to have the 
biggest impact influencing pre-service teachers’ competencies in TPACK. Foulger et al. 
(2015) explained modelling technology integration practices by teacher educators 




TPACK development than delivering standalone technology integration courses.  
In another study, two teacher educators collaborated to adopt the Teacher 
Educator Technology Competencies (TETCs) guidelines in their two concurrently 
delivered courses (mathematics methods and survey of instructional technology courses) 
during an elementary pre-service teacher education program. As part of the self-study, 
they compared mean difference of the historical TPACK self-efficacy data collected with 
the earlier semesters where TETCs were not adapted, and the teacher educators did not 
collaborate. The result indicated the mean during teacher educator collaboration and 
adaption of TETCs becomes higher in some of the TPACK subdomains (Thomas et al., 
2019; Foulger et al.,2017).     
Technology Integration 
There are many different study developments to support educators and teacher 
education programs in technology integration during the teaching and learning process. It 
can be in the form of standards, frameworks, models, or theories (Hamilton et al, 2016). 
For example, International Society for Technology in Education (ISTE, 2017), 
Substitution, Augmentation, Modification, and Redefinition (SAMR) model (Puentedura, 
2006) and Technological Pedagogical and Content Knowledge (TPACK) framework 
(Koehler and Mishra, 2009) are among the many study initiatives that contributed to 
support technology integration in schools (Hamilton et al, 2016). 
ISTE (2017) developed educational technology guides that were designed for 
educators to integrate technology and create an innovative learning environment. 




integration and were designed to serve the field for 5-10 years.  ISTE also noted 
educational technology moves rapidly and, due to this, the standards are updated 
frequently to reflect the current existing educational conditions, for example, ISTE 
teachers’ standard were updated in 2017.  
SAMR model provides a lens for practitioners to understand the complex 
integration of technology in creating lessons for classroom teaching. This model is used 
by practitioners for selecting effective technology for classroom teaching (Hamilton et al, 
2016, Puentedura 2006). Hamilton et al (2016; p. 438) noted, “Models such as SAMR 
have potential for guiding practitioners in their efforts to navigate a complex landscape 
by seemingly simplifying a multifarious process. At the same time, they also represent 
teaching with technology in sterile and hierarchical ways that most often serve to 
misinform and mislead teachers rather than enhance pedagogy and practice”. 
TPACK framework encompasses three core components of knowledge (content, 
pedagogy and technology) and this framework helps teachers integrate technology into 
the content they teach using an effective pedagogical approach (Koehler and Mishra, 
2009). Koehler & Mishra (2009; p. 67) addressed “The TPACK framework offers several 
possibilities for promoting study in teacher education, teacher professional development, 
and teachers' use of technology. It offers options for looking at a complex phenomenon 
like technology integration in ways that are now amenable to analysis and development".  
Albeit its limitations of TPACK studies mentioned in chapter one, TPACK 
framework is still influential in teacher education programs.  Many quantitative and 
qualitative study activities are still underway in measuring and exploring the complex 




For example, TPACK framework initiated a large body of study in technology 
integration in classrooms and the online environment (Archambault & Barnett, 2010; 
Graham, 2009; Scherer et al., 2017). Many teacher educators and teacher education 
institutions have been using TPACK framework for professional development and for 
describing the knowledge and skills needed to integrate technology in the teaching and 
learning process (Scherer et al., 2017).  Therefore, TPACK framework was selected as 
one of the theoretical frameworks for this study.   
Epistemological Views Technology Integration 
There are two main epistemological views of TPACK: the integrative and 
transformative views. The integrated view believes TPACK is a multidimensional factor 
(Mishra & Koehler, 2006). Studies on the integrative view argue it is challenging to 
discover separate knowledge domains and encountered difficulties in measuring TPACK 
development (Angeli, Valanides, & Christodoulou, 2016; Graham, 2011). 
The transformative view believes that TPACK is a unified body of knowledge 
that is created by the contribution of other bodies of knowledge (technology, pedagogy, 
content, context, learners background) (Angeli & Valanides, 2009). Empirical evidence 
showing growth in TPACK only results when teacher education is geared towards the 
unified knowledge domain rather than towards the separate knowledge subdomains of 
TPACK (Angeli, Valanides & Christodoulou, 2016).                 
General TPACK Studies 
TPACK framework quickly became an influential conceptual framework and was 




2010; Koehler and Mishra,2009; Scherer, 2018). Prior to TPACK framework little 
attention was given for theoretical framework during technology integration process. 
Educators were integrating technology without clearly understanding appropriate 
theoretical framework (Archambault, 2010; Robin, 2008).  TPACK framework has 
helped in guiding teachers to rethink critically and creatively to develop effective content 
by integrating technology that enhances learning in the classroom (Robin, 2008). 
TPACK framework also helped educators to understand and guide through the 
complex technology integration in the teaching and learning process. A large body of 
study investigated deeper understanding of TPACK framework (Derya et al ,2016; 
Drummond et al, 2017; Dong et al, 2015; Horzum et al,2013; Hsu et al, 2016; Schmidt et 
al,2014). Due to the wide acceptance of TPACK framework by educators and 
researchers, it has constantly been developing and influencing teacher education 
programs (Koehler et al., 2014). As was mentioned in chapter one, the model is not far 
from criticism in identifying all the seven knowledge domains and some studies proposed 
additional investigation in the area (Archambault, 2010; Koehler et al., 2014).  
To conduct a literature review on TPACK studies, the current study conducted 
searches in one of the most frequently used Academic Search Premier scientific 
databases. Academic Search Premier database contains articles from a wide range of 
scholarly journals, magazines, newspapers, and trade publications. In order to describe 
TPACK studies and practice in pre-service teacher education related to technology 
integration, a combination of three broad search terms was used which were ‘TPACK’, 




The initial search yielded 40 references. For the purpose of this study, the search 
was limited to peer-reviewed articles and only related to K-12 pre-service TPACK 
published between 2009 and 2017. Hence the number of peer reviewed articles reduced 
to 24. All full text access of all the 24 articles were saved in Zotero database that helped 
to collect, organize, and cite the articles. 
Types of Studies 
The 24 peer reviewed articles were organized in table format to extract 
information for the purpose of this study. From the peer reviewed journal articles, the 
extracted information was organized based on author(s) name, the study design, the data 
sources, the research goal(s) and content area(s) of the study in a table format. Then the 
results and the findings of the studies were categorized into themes and reviewed to 
understand the TPACK study. For example, research on instrument validation from 2009 
to 2017 was further analyzed based on measures, sample size, instrument used, reliability, 
validity and identified scales.   
From the 24 articles reviewed, the result showed 54 % of the articles employed 
quantitative study methods and 25% of them directly focused on TPACK instrument 
validation and replication of TPACK measurement. Additionally, 45 % of the studies 
focused on specific subject areas and only one study (4%) focused on secondary math 
content. The other subject areas include English as a foreign language, environmental 
Chemistry and Literacy. There was no study that validated TPACK instrument for 




Major Takeaway from K-12 TPACK Literature Review  
After systematic literature review of the Academic Search Premier database and 
analyzing the 24 peer reviewed articles, the articles were categorized based the purpose 
of the study. From the categorized articles, six (25%) of the articles focused on measuring 
and validating TPACK instruments in different contexts, ten (42%) of the articles aimed 
at identifying pre-service teachers TPACK development, three (5%) articles studied 
attitudes and beliefs towards different constructs related to TPACK, three (5%) articles 
focused on TPACK integration during course development and three (5%) articles were 
meta-analysis and literature review. Few of the articles had multiple purposes or studied a 
combination of two or more of the above areas (see Table 20 in Appendix F). The 
following section briefly discusses the categories from the literature review. 
Development and Validation of Pre-service TPACK 
Despite the fact that TPACK framework has been criticized, it has been used 
widely in educational technology studies and teacher education programs. TPACK self-
efficacy was measured using Schmidt et al.’s (2009) instrument in four of the six study 
articles. Scherer (2017) noted Schmidt et al.’s (2009) is the widely used TPACK 
instrument in educational technology. 
 All the articles used the instrument independent of the subject areas except 
Zelkowski et al (2013) which measured TPACK self-efficacy specific to the mathematics 
subject area. All six articles applied Cronbach's alpha reliability measures which were in 
acceptable range. The articles used different methods of construct validity methods such 




review and expert appraisal. 
Three out of six of the studies identified the seven TPACK models (Baser et al., 
2016; Kaya & Dag, 2013 and Schmidt et al.,2009) and the other three studies identified 
fewer than seven distinct factors (Chai et al, 2011; Ching et al, 2010; Ching et al, 2010 
and Zelkowski et al, 2013). Table one will present more detail in the six-instrument 
validation peer reviewed articles.  
Table 1 
Study on Instrument Validation from 2009 to 2017 
Authors Measured Sample 
size 
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TPACK Development in Pre-service Teachers 
Based on the literature review, 16 (67 %) articles used self-report for measures to 
study TPACK self-efficacy measures and development (Baser et al., 2016; Chai et al., 
2011; Ching et al., 2010; Drummond & Sweeney, 2017; Han et al.,2013; Holland & 
Piper, 2016, Kaya & Dag, 2013; Kabakci Yurdakul & Coklar, 2014; Schmidt et al., 2009; 
Shinas et al., 2013; Yan et al.,2015; Yerdelen-Damar ,2017; Zelkowski et al, 2013). 
Abbitt (2011) explained that TPACK self-efficacy can be measured in self-reporting and 




Nine (38%) of the studies used a combination of one or more instruments such as 
self-report, structured reflections, lesson plan rubric, field notes, focus group interview 
and educators’ observations (Harvey, D., & Caro, R. ,2017; Hofer & Grandgenett, 2012; 
Lee & Kim, ,2014; Sancar Tokmak, 2015; Scrabis-Fletcher, 2016; Tokmak et al, 2013). 
Only three (15%) of the articles did not self-report and analyzed TPACK development of 
pre-service teachers qualitatively through document analysis of pre-service work, 
observations and interviews (Hutchison & Colwel, 2016; Tokmak et al, 2013). 
Generally, the current review of studies found a large amount of TPACK research 
focused on TPACK self-efficacy measurement, TPACK development or change in 
knowledge in TPACK self-efficacy. Instruments used to collect data were mainly self-
report or a combination of self-report, interview, observation, and other kinds of 
document analysis. As TPACK self-efficacy would predict future pre-service TPACK 
(Scherer, 2017), using other methods of collecting TPACK data to triangulate results 
such as student products, classroom observations and in-depth interviews would support 
pre-service teacher TPACK research development (Koehler et al., 2014; Voogot, 2013).  
Developing TPACK through a Course Design 
One of the strategies higher education teacher education programs use to develop 
pre-service teachers’ understanding in technology integration is integrating TPACK 
model in their curriculum or course designs. In the literature review analysis, there were 
three (5%) of the studies that integrated TPACK framework in their course design or 
curriculum (E.g., Hutchison & Colwel,2016; Lee & Kim, ,2014; Tokmak et al, 2013). 




planning.  The authors argued that the instructional goal of a course should lead to 
technology integration to support pre-service TPACK development. Lee & Kim (2014) 
developed instructional design models to help pre-service teachers develop their TPACK. 
The result showed the pre-service teachers were able to view the integrated TPACK 
rather than TK, PK and CK.   
Relations between TPACK and Other Factors  
One of the drawbacks of the TPACK studies is not considering other factors that 
could influence teachers’ TPACK such as pre-service teachers’ background knowledge 
and beliefs in learning, beliefs in technology, pedagogy, content, and technology 
integration processes. Very few studies in this review studied other factors that influence 
pre-service TPACK development by modifying TPACK to create a new model or by 
identifying other relationships with TPACK (E.g., Çalik et al, 2014; Yan et al.,2015; 
Yerdelen-Damar, 2017). 
Yerdelen-Damar (2017) studied pre-service TPACK and its relationship with the 
pre-service attitude toward technology. The result indicated that there was a positive 
relationship between pre-service TPACK and attitudes towards technology use, 
technology competency and experiences. Çalik et al (2014) also investigated the 
relationships among gain of learning in senior science pre-service teachers of 
environmental chemistry concepts, pre-service TPACK level and attitude towards 
chemistry. The result from the study revealed pre-service teachers learning how to use 
innovative technologies effectively during practicum elective chemistry courses 
significantly increased when there was increased knowledge in chemistry content and 




TPACK Support for Pre-service and Teacher Education Programs 
In this review, there are very few studies in teacher education programs enacted to 
use the TPACK framework to design courses to teach pre-service teachers (Çalik et al, 
2014; Yerdelen-Damar ,2017). Designing courses using the TPACK framework has 
several advantages. First, it gives pre-service teachers a clear understanding of 
technology integration as a unified knowledge and provides skills of technology, 
pedagogy, and content.  Second, pre-service teachers would become more able to set 
models for appropriate and effective use of technology for teaching and learning 
purposes. 
Third, pre-service teachers’ TPACK development could be easily assessed using 
different data collection strategies. If pre-service teachers understand the TPACK model 
and principles, they could more clearly understand the content of the instruments during 
study data collection or classroom TPACK assessments. There could also be better 
common understanding between higher education teachers, researchers, and the pre-
service teacher participants in studies on TPACK questionnaire. Hence the internal 
validity TPACK studies could generally be improved.  
To help pre-service teachers in developing expertise for technology integration, 
higher education teachers could design TPACK based activities to which pre-service 
teachers could apply their pedagogical knowledge in choosing appropriate technology for 
the lessons they choose. Activities could be done in class individually or in groups.  
Then, giving opportunities for pre-service teachers to present and reflect on their 
technology integration projects in class to learn from one another could help in their 




and positing questions related to pedagogical reasons in the technological integration 
project would speed up the TPACK development of pre-service students. 
Designing mock or real classroom activities during practicum in lesson planning 
would also facilitate pre-service technology integration self-efficacy or knowledge. As 
higher education educators give constructive feedback to pre-service teachers in aligning 
their objectives, activities, assessments, and technology use for a lesson they chose could 
encourage pre-service teachers in developing their TPACK self-efficacy. Due to the fact 
that pre-service self-efficacy report doesn’t tell us all about the real TPACK performance 
(Scherer et al. ,2017; Voogot et al., 2013), practicum lesson planning and classroom 
observation provides a great opportunity to better develop pre-service teachers’ TPACK 
self-efficacy and competency (Koehler et al., 2014).  
Based on the review, there was little or no quantitative TPACK measurement 
conducted for specific lesson in a certain content area, specific pedagogical approach, or 
specific technology use. Albeit the existing practice of measuring self-efficacy hugely 
contributed to pre-service teachers TPACK study, assessing TPACK development in 
more specific settings of technology, pedagogy and content could help educators and 
researchers understand pre-service TPACK development better.  Further, it would be 
easier to replicate the study and learn more about TPACK development. 
 Applying different instruments of collecting data to assess or measure pre-service 
teachers’ TPACK development could increase the trustworthiness and validation of the 




Literature Gaps and Areas for Continued Study 
A large body of study focuses on measuring or exploring self-efficacy of pre-
service teachers in their Pedagogical Technological and Content Knowledge (TPACK) 
before, during or after course delivery of technology integration or method courses (Polly 
et al. 2010, Scherer et al., 2017).   
All the study articles checked for internal consistency using Cronbach's alpha and 
they used different kinds of assessing validity qualitatively and/or qualitatively such as 
exploratory factor analysis (EFA), confirmatory factor analysis (CFA), a literature review 
and expert appraisal but, none of them asked the respondent themselves on their 
perception of the TPACK survey used in their studies. Further, not all studies confirmed 
the seven-factor structure of TPACK (i.e., TK, CK, PK, PCK, TCK, TPK, and TPACK) 
and they recommended further investigation of TPACK (Voogt et al., 2013).  
Archambault & Crippen (2009) and Schmidt et al (2009) collected self-report data 
on seven TPACK domains with 5 Likert scales and they both found reasonable reliability 
measures for the seven knowledge domains. The instrument reliability (Cronbach’s 
alpha) for seven constructs in the study ranged from 0.84 - 0.93 from 0.75 - 0.92, 
respectively. Content validity was assessed using expert appraisal and piloting items and 
reviewing relevant literature (Archambault & Crippen, 2009; Schmidt et al ,2009). The 
current study checked content validity of the instrument used in the study by interviewing 
eight pre-service teachers in the research context.  
A number of studies collected TPACK self-reports independent of subject areas 




other hand, Zelkowski et al. (2013) worked on validating TPACK models specifically for 
secondary mathematics content. The authors collected 315 pre-service secondary 
mathematics teachers’ self-reports on the seven TPACK domains and applied exploratory 
factor analysis and confirmatory factor analysis. The result distinguished only four 
TPACK self-efficacy domains (i.e., TK, PK, CK and TPACK).  
Agyei & Voogt (2015) conducted a mixed study to assess pre-service 
mathematics teachers’ (N=104) TPACK development and competency through 
integration of spreadsheets for math content by applying different teaching strategies in 
mathematics instructional technology courses for one semester. The result indicated pre-
service TPACK improved through varied instructional strategy, but the most impact had 
been found when integrating authentic technology and including it as activity to 
experiment with while providing continuous feedback. Despite the fact that, Agyei & 
Voogt’s (2015) study did not include robust validity of instrument, the study applied 
different methods for collecting data and it was clear that a specific technology tool 
(spreadsheet) was used to teach specific math lessons such as statistics, linear equations, 
and polygons to assess pre-service teachers’ TPACK development in math content. 
All in all, several articles on the measurement of TPACK have focused on general 
content areas (Archambault & Crippen, 2009; Graham, 2009; Koh et al., 2012; Scherer et 
al., 2017; Schmidt et al., 2009). Angeli et al. (2014) noted that future study should focus 
on domain specific TPACK instead of general domain TPACK. Few to no quantitative 
studies conducted research related to TPACK self-efficacy measures, TPACK self-
efficacy predictive models and change in TPACK self-efficacy specific to elementary 




• In general, there are very few TPACK studies specific to elementary math content. 
For example, there is few to no studies that validated elementary pre-service TPACK 
quantitatively or conducted higher level statistical prediction models. The current 
study adapted existing TPACK instruments for elementary math content and 
validated a four correlated dimension TPACK instrument using CFA and tested 
TPACK self-efficacy predictive models.    
• Few studies investigated pre-service teachers TPACK self-efficacy change 
quantitatively during a semester delivery and most of them were independent of 
subject area. The current study investigated TPACK self-efficacy change in a 
semester for specific elementary math content. 
• Inconsistent results were obtained in TPACK measurements and predictions. This 
study used advanced statistical modelling to contribute to the existing body of study 
on the validity of TPACK self-efficacy. 
• Some of the past studies lacked context information which makes it hard to replicate 
the study. The current study addressed this issue by describing the context of the 
teacher education program and participants level of education and experience in the 
teacher education program. 
• Few to no studies checked the content validity of the instrument from the pre-service 
teachers’ perspective. This study interviewed a sample of pre-service teachers to 
explore their perception and understanding of the survey questions to check on how 
the responses were in line with the intended purpose of the instrument and what was 





Chapter 3. Methodology 
This study validated the measure of TPACK self-efficacy for elementary math. It 
investigated the extent to which Technology knowledge (TK), Pedagogy Knowledge 
(PK) and Content Knowledge (CK) impacted Technological Pedagogical Content 
Knowledge (TPACK) self-efficacy. Further, it assessed the change of TPACK self-
efficacy during four semesters.  
    To address the study goals, three study questions were formulated:  
1. What is the degree to which elementary pre-service teachers’ Technological 
Knowledge (TK), Pedagogical Knowledge (PK), Math Content Knowledge (CK), 
Technological Pedagogical Content Knowledge (TPACK) self-efficacy are 
identified as four inter correlated dimension measures?  
Hypothesis (H1).  TK, CK, PK and TPACK identified in the measurement 
model. 
2. To what extent do Technological Knowledge (TK), Pedagogical Knowledge (PK) 
and Math Content Knowledge (CK) self-efficacy affect elementary pre-service 
teacher’s math technology integration self-efficacy (TPACK self-efficacy)? 
 Hypothesis (H2). TK, CK and PK positively predict TPACK self-efficacy. 
3. Were there changes in TPACK, TK, CK and PK self-efficacy at the end of a 
semester? 





b)  Were there group differences between the three semesters? 
   Hypothesis (H3).  H0a: The pre and the post means of TPACK, TK, CK and PK 
self-efficacy are the same at the beginning and at the 
end of semesters (µPre=µPost). 
                                          H1a: There are positive changes in TPACK, TK, CK and 
PK self-efficacy during a semester. 
                                          H0b: There is no interaction between time and semester (On 
average, change in TPACK, TK, CK and PK self-
efficacy are the same for all semesters) 
                                           H1b: There is interaction between time and semester 
(Change in TPACK, TK, CK and PK self-efficacy are 
different in different semesters).  
Participants and Settings 
The participants in this study were pre-service elementary teacher education 
program at a large Midwestern university. The pre-service teachers in the Elementary 
Education (K-6) program in this university earn Bachelor of Science in Education after 
completing a four-year program. The pre-service teachers who participated in the survey 
were in a math block of the third year of elementary pre-service teacher program.  
The math block was the first semester of the professional phase that included 
courses such as an elementary math content course, a math methods course focused on 
pedagogy for teaching math in elementary classrooms, a survey of instructional 
technology course, practicum experience in an elementary classroom, and special 
education and English Language Learners (ELL) courses (Thomas et al., 2019). 
The participants were both male and female between the ages of 19 and 22 who 
volunteered to participate in the survey. The post survey responses from the total 




testing the predictive model in Spring 2017, Fall 2017, Spring 2018 and Spring 2019 
semesters.  
The semesters that had enough pre and post responses were selected for the 
repeated ANOVA analysis. The total respondents on the pre survey were n =179 and the 
total respondents on post survey were n =200 in Spring 2017, Fall 2017, and Spring 
2019. The total number of paired pre and post respondents who responded on both pre 
and post survey were n =158 (see Table two). 
Table 2 
Survey Respondents Information 
Semesters Year Pre(n) Post(n) Paired Pre/Post (n) 
Spring 2017 Third Year (Math Block) 41 47 38 
Fall 2017 Third Year (Math Block) 91 90 83 
Spring 2018 Third Year (Math Block) - 39 - 
Spring 2019 Third Year (Math Block) 47 63 37 
  n=179 n =239 n=158 
 
In this study, pre-service teachers were recruited for interview. The purpose of the 
interview was to explore the perception of pre-service teachers on Schmidt’set al. (2009) 
survey items. Albeit Schmidt, D. A. et al. (2009) and a number of researchers found the 
instrument as a valid and reliable instrument, but many others question its validity. 




perspective utilizing students who were at least in their third year of their teacher 
education program and who volunteered to participate in the study. Eight third- and 
fourth-year pre-service teachers participated in interviews. Six were female and two of 
them were male. Seven out of eight pre-service teachers were in their student teaching 
and one of them was on his practicum. (see Table three). 
Table 3 
Interview Participants’ Information 
Pseudonym Gender Years Placement 
Mary Female 4th year student teacher 
Emma Female 4th year student teacher 
Thomas Male 3rd year practicum 
Olivia Female 4th year student teacher 
Jessica Female 4th year student teacher 
Linda Female 4th year student teacher 
Sarah Female 4th year student teacher 
Richard Male 4th year student teacher 
Data collection 
The survey data was collected using online survey instruments during math 
method class. The survey was conducted as part of teacher education technology 
integration assessment at the beginning and at the end of Spring 2017, Fall 2017, and 




In order to ensure content validity, a purposeful sample of eight pre-service 
teachers was recruited. In Spring 2020, the researcher used different mechanisms to 
recruit pre-service teachers for interview. First, the researcher approached the elementary 
education coordinator, a teacher educator, and a graduate teaching assistant to advertise 
the interview and send the recruitment emails to third and fourth year elementary pre-
service teachers. This was as stipulated in the sampling criteria (see Appendix C).   
Second, the researcher made a personal presentation to one third year math 
methods class to advertise the goal of the study and recruit potential participants. Third, 
the researcher sent emails through personal connections to three elementary student 
teachers who meet the sampling criteria and requested them to advertise the interview by 
forwarding it to their peers. Nine pre-service teachers contacted the researcher to 
volunteer in the study.  
The researcher identified eight of the participants who fulfilled the criteria of the 
study while eliminating one participant who did not fulfill the criteria because the student 
was a mathematics major with secondary a math education minor. The pre-service 
teachers who participated in the interview received a $10 Amazon gift card (See 
Appendix E). 
Semi-structured interviews were used to investigate how the pre-service teachers 
perceived the survey items that the study intended to achieve. Further, the interview 
included questions to assess pre-service teachers TPACK and its development during 




The interview protocol consisted of eight open-ended, questions with sub 
questions.  For example, “Please read the six Technological Knowledge (TK) items. 
Explain your understanding about the six TK items” (See Appendix D). Each interview 
took about 15 to 20 minutes. Zoom interviews were conducted and recorded as a means 
for data collection. 
Instrument 
Schmidt’s et al. (2009) self-report instrument was adopted to administer pre-
service teachers’ TPACK self-efficacy. The original survey was designed for seven-
dimensional TPACK scale; namely Technological Knowledge (TK), Content Knowledge 
(CK), Pedagogical Knowledge (PK), Technological Pedagogical Knowledge (TPK), 
Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK), and 
Technological Pedagogical Content Knowledge (TPACK). It covered four content areas 
(mathematics, science, social studies, and literacy) with 45 items.  Each knowledge 
domain had between four to fourteen items.  
This study focused on the four main knowledge domains TK, CK, PK and 
TPACK instead of all seven sub domains proposed in the TPACK framework. This is 
because several studies in different context could not identify all the seven constructs 
(Archambault & Crippen, 2009; Graham, 2009; Koh et al. 2010; Voogt et al., 2013; 
Zelkowski et al., 2013) and other researchers’ question the existence of sub domains 
(Archambault & Barnett ,2010).  In addition, very few studies on TPACK specific to 
math content (E.g., Zelkowski et al ,2013). Zelkowski et al (2013) conducted an 




TPACK self-reporting surveys in secondary math content and identified TK, PK, CK and 
TPACK as unique factors.  
Therefore, in this study, items that only related to math content were used from 
the original Schmidt’s et al. (2009) survey. This study used items for the four constructs 
TK, CK, PK and TPACK. The items used a 5‐point Likert scale.: 1. strongly disagree, 2. 
disagree, 3. neither agree nor disagree, 4. agree, and 5. strongly agree. (see Appendix B). 
TK Construct. TK refers to elementary pre-service teachers’ self-efficacy in using 
technology in their day-to-day activities. It has six items (indicators). For example, “I 
know how to solve my own technical problems”, I can learn technology easily. 
PK Construct. PK refers to instructional strategy self-efficacy that pre-service 
teachers would use in their elementary school classroom.  It has seven items (indicators). 
For example, I know how to assess student performance in a classroom., I can adapt my 
teaching based upon what students currently understand or do not understand. 
CK Construct. CK refers to elementary math content self-efficacy. It has three 
items (indicators). For example, “I have sufficient knowledge about mathematics.”, “I 
can use a mathematical way of thinking.” 
TPACK Construct. TPACK refers the integrated knowledge domain self-efficacy 
of pre-service teachers in elementary school classrooms. It has five items (indicators). For 
example, “I can select technologies to use in my classroom that enhance what I teach, 




technologies, and teaching approaches that I learned about in my coursework in my 
classroom.” 
The online survey data was collected during math method courses both at the 
beginning and at the end of the semester. During the semesters the data was collected, the 
pre-service teachers were taking other courses in addition to math methods including 
instructional technology, elementary math content, and practicum experience in an 
elementary classroom course.   
Statements on Data, Ethics, and Conflict of Interest 
Prior to collecting the interview data, IRB was approved to interview elementary 
pre-service teachers to investigate their perception of the self-efficacy survey items used 
in this study and to assess the pre-service teachers’ experience in TPACK development 
during their elementary teacher education program (see Appendix A).  
To ensure confidentiality, pre-service teachers’ personal information in the survey 
was removed prior to processing the data. The data was stored in a secured cloud storage 
and only accessed by the researcher. The data was reported as a summarized result 
without identifying individual participants. 
Zoom interview was recorded and transcribed automatically. The audio and the 
text file from the transcription were stored in a secured and confidential space in a 
secured cloud storage. The auto transcription was further checked for error and 
summarized by the researcher. The summarized transcription file contained pseudonyms 
in place of the participants’ names to protect anonymity. There is no conflict of interest 




were no risks associated with this study. The pre-service teacher who participated in the 
interview received $10 gift card.  
Researcher Positionality 
The researcher is a former teacher educator in technology integration in K-16 with 
a background in math education, technology integration, and instructional design. 
Further, the researcher was on practicum in postsecondary teaching in an elementary 
math method class during Spring 2019 semester in the current study context. 
 The researcher took into consideration her own background and work 
experiences on how her positionalities might influence the study results, specifically in 
the phases of data collection, analysis, and interpretation. The researcher’s individual 
beliefs about pre-service TPACK and its subdomains can influence the study, for 
example, during the semi-structured interview, coding and categorizing the transcript 
summary into themes, and interpreting the results all require subjective decisions. She 
took into consideration her individual experiences as a teacher and researcher in the field 
of technology integration and pre-service teacher education to ensure consistency in data 
quality and interpretation of data and to reduce potential bias.    
Data Analysis: Research Question One   
 Confirmatory Factor Analysis (CFA) was conducted to answer the first study 
question. What is the degree to which TPACK, TK, PK and CK self-efficacy are identified as 
four inter correlated dimensions’ measures?  





Content and Face Validity. Before conducting construct validity using CFA, the 
content of the TPACK measures were assessed in terms of the extent to which it was 
perceived to be measuring what it was supposed to measure. This is the extent to which 
the TPACK instrument used in this study measures the appropriate content and the items 
represents the measured construct. Construct and face validity can be assessed 
qualitatively that can establish additional validity for the study.  
The survey instrument was reviewed by experts in the field. Two teacher 
educators and the researcher reviewed the survey items. The researcher also conducted 
extensive literature review.  Further, the researcher examined the pre-service teachers’ 
perception of the survey items and explored the pre-service TPACK experience in their 
teacher education program. It was vital to examine the perception of the pre-service 
teachers on the survey items to ensure the pre-service teachers were describing a 
particular construct (TK, PK, CK, and TPACK) as intended.  Therefore, goal of the 
qualitative interview questions was to further investigate the validity of the survey 
instrument and examine the pre-service teachers’ experience in their teacher education 
program.  
The interview protocol consisted of eight open-ended questions. The first four 
questions were aimed at understanding how well pre-service teachers understood the 
survey questions as intended.  For example, “Explain your understanding about the five 
survey questions asked on TPACK survey; What does TPACK mean to you? What kind 
of TPACK are you thinking about?”.  
The next four interview questions assessed the experience of pre-service teachers 




teacher education program have helped you to develop technology integration 
competency? Which ones do you value the most?” (see Appendix D).  
Zoom interviews were performed as a means for data collection. During each 
interview, the participant and researcher connected with a secured Zoom meeting id and a 
secured password id to maintain security and confidentiality.  Each interview took about 
15 to 20 minutes. The zoom interview was recorded with Zoom transcription. The 
automatic transcription was reviewed and summarized by the researcher. Then the eight 
interview summaries were imported into MAXQDA 2020 software and code to identify 
themes and relationships (see appendix G for a sample interface of the qualitative data 
analysis).  
The interview data was analyzed based on a qualitative content analysis which 
allowed the researcher to obtain pre-service insights into their experiences during the 
elementary education teacher education program. The researcher identified descriptions 
of the pre-service experience during their teacher education program and their 
perceptions on TPACK survey items that were used for this study.  The pre-service 
teachers’ interview included discussion about their beliefs in technology integration 
processes and the context that they were experiencing in their learning related to TPACK 
helped in addressing content validity (Merriam & Tisdale,2016).  
During the analysis stage, two phases of coding were conducted. First, the 
researcher went through the summary transcriptions in all eight interview documents and 
coded participants’ insights related to TK, CK, PK and TPACK. The researcher coded the 
pre-service teachers’ direct quotes under the four knowledge domains, then similar codes 




Therefore, based on the pre-service teachers’ context and perception’s different themes 
emerged. Four themes emerged for TK, seven themes emerged for CK, nine themes 
emerged for PK and six themes emerged for TPACK (see chapter four).  
Second, the researcher coded words, phrases, and quotes from the summary of the 
interview transcription that were related to general knowledge and pre-service 
perspective on their TPACK experience during their teacher education program. The 
researcher coded the pre-service teachers’ direct quotes from the interview as open codes 
(Charmaz, 2006; Corbin & Strauss, 2008). After vivo (verbatim) coding, the researcher 
categorized the pre-service direct quotes interview ideas into similar themes based on 
how the pre-service teachers explained content, pedagogy and technology would be 
integrated effectively. Then, after the researcher reread and examined the codes, the 
similar codes were categorized into four themes. The four themes of pre-service teachers 
TPACK experience that evolved were Value and Benefit, Be more Vigilant for TPACK 
in H-6 Math, Effective Use, and TPACK Competency as a Process (see chapter four).  
Construct Validity. Earlier TPACK studies used Exploratory Factor Analysis 
(EFA) to evaluate the factor structure of TPACK measures (e.g., Baser et al., 2016; 
Ching et al, 2010; Schmidt et al., 2009; Zelkowski et al, 2013). Other researchers used 
Confirmatory Factor Analysis (CFA) to provide evidence of TPACK construct validation 
(e.g., Chai et al, 2011; Kaya & Dag, 2013; Scherer, 2017; Zelkowski et al, 2013).   
EFA is mainly used to explore underlying factors structure as a set of items that are 
closely related and loaded on the same constructs. Factors are retained based on how well 




previous studies to validate the factor structure that underlies the measures (Brown, 2015; 
Keith, 2015).  
Since this study also analyzed predictive models using Structural Equation 
Modeling (SEM), construct validity in this study was first assessed using CFA. CFA 
helps to analyze both convergent and discriminant validity of the theoretical construct 
(Brown, 2015). According to Brown, 2015, convergent validity is indicated when 
different indicators which are theoretically similar are strongly correlated and load on 
construct while discriminant validity can be shown when different indicators which are of 
theoretically distinct have very low correlation and do not load as same construct.  
Confirmatory Factor Analysis (CFA).  As a preliminary step to test 
measurement models, item level descriptive statistics and correlation analysis were 
conducted. To examine normality of the data univariate descriptive analysis and plotting 
distributions were conducted including skewness and kurtosis. When the samples are 
more than 200, the deviation from normality of skewness and kurtosis often do not make 
a fundamental difference in the analysis. (Tabachnick and Fidell ,2019). On the other 
hand, Kline (2016) stated the absolute value of skewness greater than three and kurtosis 
absolute value greater than ten may indicate a problem and values above 20 may indicate 
a more serious problem.  
  The end of semester survey data was used for the quantitative analysis to 
validate measurement and run predictive models based on TPACK framework for study 
questions one and two. TPACK framework asserts there are three main components of 
knowledge Technology (TK), Pedagogy (PK) and Content (CK) that helps teachers 




Koehler, 2006). Pre and post quantitative data were used in the analysis to learn about the 
change of TPACK self-efficacy during semesters. 
Confirmatory factor analysis (CFA) was applied to investigate which knowledge 
domains identified with acceptable model fit. The CFA and SEM analysis were be based 
on n = 239 sample size pre-service teacher’s post survey responses at the end of each 
semester. The sample size was sufficient for SEM analysis. According to Barrett, (2007), 
for models contains latent variables, sample sizes should be at least 200, ideally 300. 
Confirmatory Fit Index (CFI), Tucker-Lewis Index (TLI), Root Mean Square 
Error of Approximation (RMSEA), and Standardized Root Mean Square Residual 
(SRMR) were used to report model fit in this study. Models with CFI/ TLI equal to or 
above .90 or .95, RMSEA equal to or lower than .10 or .50, and SRMR equal to or lower 
than .10 or .50 were considered to have a mediocre or good model fit respectively 
(Bentler, 1990; Brown et al., 2015; Browne & Cudeck,1993; Hu & Bentler, 1999; 
MacCallum, Browne and Sugawara,1996; Keith, 2015).  
In order to address potential violations of multivariate normality assumptions, 
robust maximum likelihood estimation (MLR) was used for CFA and SEM analysis. 
Indicators of the hypothesized latent factor in the measurement model were checked for 
significant values. The researcher also checked singularity and multi collinearity 
concerns. Distinct predictors within the model should have correlation values less than 
.85 (Clark & Watson, 1995; Henseler, Ringle, & Sarstedt, 2015; Kline, 2011).  
For the third study question the researcher conducted Repeated Measure ANOVA 




sample size of the participants that responded on both pre and post survey n =158 was too 
small to perform SEM growth curve model analysis and invariant testing (Barrett, 2007; 
Putnick and Bornstein,2016), therefore Repeated Measure ANOVA was performed by 
aggregating items responses of each latent variable since they had high internal 
consistency (Ledgerwood & Shrout,2011) (see chapter four). 
Mplus 7.4 (Muthén & Muthén, 1998-2015) was used to analyze the Confirmatory 
factor analysis (CFA) and Structural Equation Modules (SEM). IBM® SPSS® 26 
Statistics was also used for descriptive statistics, item level correlations, repeated 
measure ANOVA and to report scale reliabilities in this study.  
Measurement Model.  The CFA model first was conducted as four correlated 
factors including Technological Knowledge (TK), Content Knowledge (CK), 
Pedagogical Knowledge (PK) and Technological Pedagogical and Content Knowledge 
(TPACK). Generally, the indicators (the items) of the latent variable ranged from three to 
seven. Kenny (1979) suggests at least three indicators to form a latent variable (a 
construct). 
Based on TPACK theoretical models and study hypothesis in this study, which 
was TK, CK, PK and TPACK should be identified as a four-dimensional measurement 
model (see figure 3). A CFA model for four correlated factors was performed. The model 
fit was evaluated and reported based on CFI/ TLI, RMSEA, and SRMR (see chapter four).  
This study also compared the four-dimensional TPACK model with a 
unidimensional TPACK model since some studies suggested further examination of the 
inter correlated dimensionality of TPACK measures (e.g., Abbitt, 2011; Archambault & 




Model Comparison. To further investigate the first research question, the four-
dimensional measurement model was compared with the unidimensional technology 
integration measurement model (see figure three and figure four). The model fits were 
compared and reported based on X2, CFI/ TLI, RMSEA, and SRMR (see chapter four). 
 
Figure 3. Four factor TPACK self-
efficacy conceptual Model 
 
 
Figure 4. One-dimension technology 







Data Analysis: Research Question Two 
To answer the second study question, Structural Equation Model (SEM) analysis 
was conducted.  
Research Question. To what extent do Technological Knowledge (TK), 
Pedagogical Knowledge (PK) and Math Content Knowledge (CK) self-efficacy affect 
elementary pre-service teachers’ Math technology integration self-efficacy (TPACK self-
efficacy)? 
 Hypothesis (H2). All TK, CK and PK self-efficacy positively predict TPACK 
self-efficacy (see figure five). 
 MLR was used to address the slight non normality. The results of measurement 
models were first reported before reporting results for the full Structural Equation Model 
(SEM). The SEM fit for the predictive model with the hypothesis that stated TK, CK and 
PK predict TPACK self-efficacy was analyzed using Mplus to report the results. 
Similar to the CFI model the study reported global fit statistics CFI/ TLI, RMSEA 
and SRMR. Further, the study results included statistical results such as specific paths 
(component/local fit), parameter estimates, unstandardized estimates, SEs, and p‐values 
and R‐square estimates for the dependent variable (amount of variance accounted for by 




                
Figure 5. TPACK self-efficacy conceptual Model 
Data Analysis: Research Question Three  
Repeated Measures ANOVA was performed to analyze the change in TPACK 
self-efficacy during a semester. 
Research Question. Were there changes in TPACK, TK, CK and PK self-
efficacy at the end of a semester? 
a) To what extent TPACK, TK, CK and PK self-efficacy changed during a 
semester? 
b)  Were there group differences between the three semesters, namely Spring 
2017, Fall 2017, Spring 2019 semesters? 
 Hypothesis (H3).  H0a: The pre and the post means of TPACK, TK, CK and PK 
self-efficacy are the same at the beginning and at the 




                                          H1a: There are positive changes in TPACK, TK, CK and 
PK self-efficacy during a semester. 
                                          H0b: There is no interaction between time and semester (On 
average, change in TPACK, TK, CK and PK self-
efficacy are the same for all semesters) 
                                           H1b: There is interaction between time and semester 
(Change in TPACK, TK, CK and PK self-efficacy are 
different in different semesters).  
The pre and post survey data were collected in three different semesters Spring 
2017, Fall 2017 and Spring 2019 with a total paired sample size n =158. Hence the study 
also investigated if there was difference in TPACK self-efficacy in the three different 
semesters. 
Repeated measures analysis helps to perform participants change over time in 
longitudinal studies including relatively short-term periods. It can test all subjects in more 
than one level and more than one factor. Therefore, it is possible to compare between two 
point of times as well as three different semesters (Verma,2016). Repeated Measures 
ANOVA can be performed with a limited number of participants and it makes the result 
more efficient by making the variability low which keeps the validity of the results higher 
(Davis, 2002).  
The reason to evaluate the change in TPACK self-efficacy during the pre and post 
survey was to examine the development of pre-service teachers’ TPACK and its three sub 
domains during a semester. Further, the reason for examining the changes in more than 
one semester was to see if the change replicates in other semesters which provides more 
integrity and reproducibility of research (Makel, Plucker, & Hegarty, 2012). Therefore, a 




subjects factor pre and post data (time) was performed in SPSS using General Linear 
Model.  
In this study, the dependent variables with ordinal variables i.e., the five Likert 
scale for pre and post TPAK self-efficacy were taken as being continuous. Five point or 
more Likert scale is often used as continuous in a statistical analysis by taking the sum or 
mean of the ordinal variables to create approximately continuous variables (Sullivan & 
Artino, 2013; Zumbo & Zimmerman,1993). 
Internal consistency for all constructs in both Pre and post TPACK self-efficacy 
items was conducted. Repeated measure assumptions were also analyzed before 
conducting the Repeated Measure ANOVA such as test of homogeny and the normality 
distribution of the dependent variables in each semester (Girden,2003; Verma,2016). 
F-Ratio (F) was reported with significant level value (p-value). When p < 0.05) 
the null hypothesis was rejected, and it was reported the results did not occur by chance. 
However, when the p-value p>0.05, then the null hypothesis was retained. Partial eta 
squared (η2) was used to report the magnitude of the difference between the pre and post 
measures. This study used the cut off η2 = 0.01 indicates a small effect; η2 = 0.06 






Table four summarizes the research questions, the research techniques and 
analysis used to answer the research questions and the results. 
Table 4 
Summarize the data analysis procedure. 
Study Question Procedure Analysis Test 
What is the degree to 
which TPACK, TK, 
PK and CK self-
efficacy are identified 
as four inter correlated 
dimensions measures?  
  
• Web-based survey 
(n =239) 
• Descriptive 
statistics of the 
TPACK 
indicators 
• Correlations and 
testing reliability 
of latent variables.  
• Comparing 
Models (CFA) 








• CFI & TLI, 
RMSEA & SRMR 
• Themes on pre-
service 
understanding on 
TK, CK, PK and 
TPACK  
 








To what extent do 
Technological (TK), 
Pedagogical (PK) and 
Math Content 
knowledge (CK) self-










• CFI & TLI, 
RMSEA & SRMR 









To what extent 
TPACK, TK, CK and 
PK self-efficacy 
changed during a 
semester? 
Were there group 
differences between 
the three semesters?  
• Pretest and 








• Significant change 
(F) 
• Interaction 
• Partial eta squared 
(η2) 
 
• Change in 
TPACK self-
efficacy 









Chapter 4. Results 
This chapter will present study results of the study. The data analysis discussed in 
Chapter three yielded results for the three study questions discussed below in detail. 
Result: Research Question One 
How do we measure pre-service teachers’ technology integration for math content 
they teach with a sound pedagogy? 
• What is the degree to which TK, PK, CK and TPACK self-efficacy are 
identified as four inter-correlated dimensions measures?  
Hypothesis (H1).  TK, CK, PK and TPACK identified in the measurement 
model. 
Content and Face Validity. After the researcher assessed the survey instrument 
with two teacher educators in the field, the researcher analyzed the interview data of the 
pre-service teachers’ perception of the survey items and their TPACK experience in their 
teacher education program.  
TK. After reading the six TK items, the pre-service teachers explained TK as 
knowledge and a skill they use to facilitate teaching and learning. The pre-service 
teachers provided examples of technology and showed a positive attitude towards using 
technology in teaching and learning. They mentioned technology that they learned in 
their teacher education programs and technologies that they used or observed during their 
student teaching and practicum. The technology types were coded and categorized. to 





Figure 6. TK Themes 
The pre-service teachers described their learning experiences with different 
technology tools during their elementary teacher education program.  Further, they 
explained their own application experiences and their observations on how technology 
integrated in the elementary teaching and learning process in their practicum and student 
teaching. Uses of multiple types of technology such as video, hardware, websites, and 
applications were reported from pre-service teachers’ experience.    
For example, all of the eight pre-service teachers mentioned the uses of different 
hardware and different types of websites and apps in different lessons. Five out of eight 
pre-service teachers reported recording or selecting appropriate videos to integrate in 





Figure 7. TK codes vs Themes. 
 
The pre-service teachers learned, observed, or practically experienced some of the 
technology during their teacher education program.  Mary reported the experience that 
she had during her student teaching: 
“We do a lot on Chromebooks. And I'm getting better with Chromebooks. I didn't 
really know much about them before I started student teaching. But I'm getting 
better with Chromebooks and we use iPads, whiteboard apps, like projectors.” 
 Sarah reported what she learned during one of the courses in her teacher education 
program. 
“I have played around with technology and certain classes and use Swivel which 
helped record me. I've worked with virtual reality and with like 360 cameras. But 
I like to know about new technology. I'm not super technical I can usually 
problem solve and troubleshoot my way out of things if I have an issue.” 
Linda described her belief in integrating technology in the teaching and learning process 
the resultant positive impact.  
“I like to learn and use new technology because they can really benefit the 
classroom and engage students in a different way and everyone can participate at 










the same time, like using a Google document and it also really helps, especially in 
this time of E-learning to be able to use Google Classroom and be able to interact 
with students by messaging them through that and allowing them to show their 
work on the classroom.” 
 The pre-service teachers explained how technology construct and the instrument 
items were well understood by the pre-service teachers which met the purpose of the 
instrument to measure technology self-efficacy.  The pre-service teachers also showed 
their confidence and motivation in using technology in classrooms.  
  CK. The pre-service teachers stated different contents of elementary math during 
the interview. Seven elementary math content themes emerged from categorizing the 
codes; multiplication and division, fraction and decimal, addition and subtraction, 
geometry, math facts, place values, algebra and solving problems (see figure eight).  
 
Figure 8. CK Themes 
During the interview, four out of the eight pre-service teachers pointed out 
elementary math contents related to math facts, geometry, multiplication, and division. 
Three participants out of eight mentioned elementary math content related to addition and 




service teachers mentioned elementary math content related to place values for 
elementary math content area (see figure nine).   
 
 
Figure 9. CK codes vs Themes 
 
Sarah explained how geometry in elementary schools could be related to the kids’ 
real-life experience and how technology can be integrated to create different shapes and 
make something to which they can relate. 
 “I know geometry, like there are a lot of programs that I used as a high school 
student but would be very simple for an elementary student to use where you can 
manipulate shapes and figure out how they work and create pictures with shapes 
and make it kind of fun. Like I remember making a haunted house out of 
geometry shapes and like having that whole thing around Halloween. And so, I 
think that Technology would be really important into math curriculum. I think 
that is something that my abilities need to grow on and I think once I am like a 
full-time teacher. That is something that is going to grow, but I haven't had too 
much experience in that right now.”  
 
Thomas explained his experience in teaching place value using technology visualization.  











“If it was for math specifically say I was going to teach a third-grade math lesson 
and we were learning about place values…. One time in my third-grade practical I 
use my iPad projected onto the screen and they could move like the place value 
blocks like the hundreds blocks and then tens blocks and the ones block.”  
 The pre-service teachers explained how elementary math content construct and 
the instrument items were well understood by the pre-service teachers which met the 
purpose of the instrument to measure elementary math self-efficacy.  The pre-service 
teachers compared and contrasted elementary math with higher level math.  They also 
explained their experiences and confidences in teaching elementary math in classrooms.  
PK. After reading the seven survey items related to PK, the pre-service teachers 
explained what pedagogical knowledge meant for them. They also shared their 
experience of pedagogical strategies.  Different instructional strategies were mentioned 
during the interview and categorized into themes (see figure 10).   
 
Figure 10. PK Themes 
 
Differentiated instruction was the highest coded theme which seven out of eight 




“…just because you put them in the costume. That doesn't mean they're being 
included; they need to be included in the lessons in the school community. With 
their peers, just like any other student would be, um, so that's the biggest one for 
me. And then how do I organize and maintain classroom management.” 
Jessica explained what the survey questions meant to her,  
“So, these questions are asking about a lot about adapting our teaching based on 
what happens in the classroom. Not exactly going by a pacing guide, but really 
assessing our students for understanding and then adjusting our teaching to their 
specific needs at that time.” 
Four out of eight participants explained or shared their experiences related to 
classroom management, assessment, student background, and prior knowledge.  Three 
out of eight participants explained pedagogical stratagies related to direct instruction, 
repetation and quizzing, collobration, motivation and interest. Two participants 
mentioned relatedness and trying to understand kids day to day life would be a helpful 
strategy to help children learn (see figure 11). For example, Jessica explained,  
“…I mean my teaching style and how I would talk to kids even would be really 
great for their learning. And so that has been a huge change for me because I 
wasn't used to it. But now I love it.”.  
  Sarah mentioned how relatedness would help classroom management and explained, 
 “I need to be constantly assessing my students to be able to figure that out. Until 
being aware of how their understanding how they're processing, but also being 
aware of what their understanding what they're not understanding just in everyday 




we're having some behavior struggles and so being able to recognize that. And so 
being aware if something's not effective in your classroom or if something is 
taking away from content instruction that's not going to be an effective classroom 
management.” 
 
Figure 11. PK codes vs Themes 
 
The pre-service teachers explained how pedagogical knowledge construct and the 
instrument items were well understood by the pre-service teachers which met the purpose 
of the instrument to measure elementary pedagogical knowledge self-efficacy.  The pre-
service teachers provided examples, explained their experiences, and showed confidence 
in their pedagogical skills in teaching elementary in classrooms. 
TPACK. Pre-service teachers showed insightful understanding of the survey 
questions and they explained their experience and knowledge related to TPACK during 
their elementary teacher education program. Similar to the other subdomains, the 
researcher asked the pre-service teachers’ perceptions of all the five TPACK items. For 
example, “I can choose technologies that enhance the content for a lesson”. and “I can 
teach lessons that appropriately combine mathematics, technologies, and teaching 










approaches”. The pre-service teachers’ perceptions on the TPACK items were coded and 
categorized into themes (see figure 12).     
 
Figure 12. TPACK Themes 
 
  Four out of eight pre-service teachers explained technology integration in 
elementary math curriculum has motivational value and helps to engage students in 
leaning.  Three out of eight pre-service teachers mentioned assessment, visualization and 
to review math facts.  Two out of eight participants noted elementary school students 
should start to learn math digitally (see figure 13). 
 
 











Sarah explained her experience during her student teaching in higher elementary level. 
“I think there's a lot of lot of potential with math and using technology on 
especially for those like def level classes. I think that in as they get like … fifth 
grade, they're doing a lot of like graphing and things like that. I think it would be 
really neat for them to understand the technology for that. I student taught in fifth 
grade this past quarter. And so, I was working on the science projects … there's a 
lot of science and then a lot of math and graphing and things that we had to teach 
them how to use their Chromebooks to do … a lot of them didn't know. And I 
think that can be something that can be integrated into the math lesson. Like while 
they're learning about graphs …. “Here's how you do it on paper” And “here's 
how you do it on the computer” because where the world is going.”  
  
Linda reported her beliefs on how to engage students in learning math facts through 
repetition as below, 
“I think that technology can really enhance the math curriculum and help engage 
students, whether it's fun games like the math facts knock out with the whole class 
or if it's individual work on a laptop, or tablet and it gives them repeated practice 
in a way that we might not be able to with whole group instruction.”  
The pre-service teachers explained their TPACK self-efficacy and understanding 
which met the purpose of the instrument to measure the construct. Generally, the 
elementary pre-service teachers who participated in the current study read each of the 
survey questions and showed a clear understanding of the four main domains of 
knowledge TK, CK, PK and TPACK.  Their understanding and the experience they got 




technology, and their readiness to explore and develop their technology integration 
knowledge further in their own classrooms in the future. 
This study also coded and categorized the elementary pre-service overall TPACK 
experience and beliefs together with elementary math content area.  
 
Pre-service teachers TPACK experience. The researcher coded the pre-service 
teachers’ overall knowledge and experience on TPACK elementary math content area. 
Assessing the pre-service teachers experience can add additional face and content validity 
to the study since it would provide information on the pre-service perception related to 
TPACK and elementary math content.  
The open codes were categorized, and four general themes were emerged: Value 
and Benefit; Be more Vigilant for TPACK in K-6 Math; Effective Use; and TPACK 
Competency as a Process (see figure 14 and figure 15). 
 






Figure 15. Pre-service teachers TPACK knowledge and experience codes vs Themes 
  
Value and benefit. After cross-analyzing the interview data, value, and benefit of 
integrating technology in elementary math curriculum was a clear theme. All pre-service 
teachers who participated in this study interview valued the benefits of using technology 
across all curriculum and math.  
For example, Sarah noted, “I think it's really important because the future of 
mathematics and science and all those stems is rooted in technology.” Additionally, the 
pre-service teachers personally used technology in their own classroom during student 
teaching to support the teaching and learning process in math and other content areas.  
Richard explained the technological pedagogical knowledge (TPK) as follows, “I think 
technology has a lot of good benefits. And I think that it does have things it can enhance 
the learning, but then that goes along with that pedagogical Knowledge.” 
Sarah further emphasized using technology for teaching upper elementary 
differentiated (diff) classes in math would have an even more positive impact for 
learning. She explained, 
“I think there's a lot of lot of potential with math with using technology on 
especially for those like my diff level classes. I think that in as they get like in 









fourth and fifth grade, they're doing a lot of like graphing and things like that. I 
think it would be really neat for them to understand the technology for that”. 
Pre-service teachers discussed their views of technology in elementary schools 
and explained what they value most in their elementary teacher education program.  
Further, interviewees explained what helped them to develop their knowledge and skills 
in using technology for elementary schools.  The pre-service teachers mentioned the 
value of courses delivered, practicum, and student teaching experiences during the 
elementary teacher programs. 
Emma described her personal experience during the teacher education program. 
She provided examples how course work helped her in developing her knowledge in 
integrating technology in the teaching and learning process.    
“We actually had a technology or a couple of technology integration courses for 
learning how to use technology within teaching. And I think that really helped me 
a lot. I'm learning how to integrate that into my own lessons. And I think a lot of 
the other courses that I've also taken have been really big on trying to integrate 
technology.” 
Similarly, Thomas noted, “……They would have us do assignments like for across like 
all areas like reading, math, science, and like you'd have to integrate Like either an app or 
like something like that to the class like for the technology. So, I feel like those classes 
helped me out a little bit and getting on track with being more in the groove of using 
technology.” 
  Richard explained his real experience as a student teacher helped him the most, 




able to see … the teacher, you're with and how technology overall is being used is the 
most beneficial way.” Similarly, Linda said, “I would have to say the placements. We 
were in for practical in special education in general. Add in student teaching because I 
was able to see it actually being used in the classroom and I would definitely be the most 
beneficial and valuable experience that I had”. 
  Sarah also mentioned how the teacher educator’s modeling technology integration 
was the most beneficial for her learning and she provided examples. In one of her 
examples she explained, 
 “So, for one of my classes, the teacher really wanted to make sure we had a little 
bit more intentional of conversations and our group was a little too big for that. So, what 
we did was 
We split in half and half the time we were on zoom having class with a small group and 
half time you were in person. And so, I was able to have that familiarity with zoom and 
understand how it works and how to put people into groups on there. And so that was 
really cool to watch her do that and model that because I understood it when it became 
such an essential part of learning.” 
Be more vigilant for TPACK in K-6 math. Six out of eight pre-service teachers 
noted teachers should be more vigilant when integrating technology in elementary math 
content areas since math manipulatives were being used widely. The participants 
indicated using technology for teaching a new math lesson would be additional load for 
the students especially for those who struggle with math content. Further, the participants 
emphasized that understanding the math concepts with manipulatives prior to 




students in math at the lower elementary level.  For example, Sarah indicated, 
 “… not all students will be able to handle. Students who were who are receiving 
special education services or students who really struggle with the basic math 
curriculum. I think adding technology would be a lot for them. I think that would 
be something that district would have to give us another day into the curriculum 
or a couple days to really do that. But for those kids who are gifted, I think it 
would be an awesome way for them to really expand their knowledge…I know 
they work on coding and their computer classes like that's so cool. A lot of my 
students use coding for their science fair projects. And so being able to help them 
code different things and I don't know how to code. I watched them do things and 
I'm amazed. And so, I would like to learn more about that.” 
Richard provided an interesting perspective on how integrating technology for low level 
math content will not be the right thing to do in the existing school situation. He 
explained how during his practicum in teaching lower-level grade math, they used a lot of 
blocks as hands on, which, especially for elementary students, is extremely important. He 
further discussed, 
“I think that those are the best way because I mean …. kids can use those blocks 
on the website. But if they can see it and physically touch it in front of them and 
be able to manipulate quickly without having that limitation of being able to use a 
computer …What if you have a kid that doesn't really know how to read and you 
put them in that position where they're not struggling with the contents of the of 




 Olivia also believes math is more hands on at lower level elementary and students do not 
have their own until they go to fourth grade. 
“I think specifically mathematics is more hands on, but also I think all subjects in 
general. I mean, there's a reason why technology … students aren't one to one 
until they hit third grade or second grade. And so, there's just less ability to have a 
lot of technology integrated into it, just because they don't all have their own 
Chromebooks. Until then, and even then, they don't take them home. ...I mean it 
just, you're a lot more limited that way.”  
Olivia validated further, 
“I think that integrating technology into math curriculum is probably one of the 
harder areas, just because there's a stigma that it's so hands on and they should be 
using their hands and paper and like manipulative and so doing Math on a 
computer feels kind of distance. And in my mind computer is technology. There 
are, I found like different websites where you can practice on and stuff. So, I 
guess that would be how I personally would try to integrate technology into math 
curriculum is like through websites and applications and practice that way.” 
 
Generally, the pre-service teachers believe in the benefit of technology integration 
in elementary math.  They believe teaching math with manipulatives first in lower grades 
and then using technology to review and repeat lessons to enforce what they have learned 
would be beneficial.  
           Effective use. Four out of eight pre-service teachers noted it is vital to critically 
think when to use technology content areas. The pre-service teachers perceived using 




students use technology for critical thinking and to enhance their learning.    
 Emma noted, 
“… knowing how to enhance what you're teaching not letting it take over and just 
making sure that you're using the right technologies that fit with your students’ 
needs and making sure it's not just a time filler for them to do stuff, basically.”  
Additionally, interviewees explained the purposeful use of technology. Mary stated,  
“…making sure it's like helping student learning and not just as a babysitter, not 
just putting them in front of a Chromebook playing a game that's not helping 
them.” 
Olivia emphasized, 
 “…I think that's kind of a key thing like can you pick ones that actually enhance 
it or are you just going with the popular stuff.” 
Linda noted, 
 “So, it's really important that when we use technology. We know our students 
know how to use the technology to then access the content and that has a lot to do 
with the pedagogy because that is our job as teachers to teach both parts of that to 
teach them how to successfully and responsibly use technology to be able to 
access materials that help them enhance their education.” 
    
TPACK competency is a process. Three out of eight pre-service teachers 
explained they learned how to integrate technology effectively in their teacher education 
programs and observed schoolteachers integrating technology at school. Most of the 
interviewees used technology in classroom for teaching math and other subjects. The pre-




technology in the teaching and learning process and they have interest in exploring 
further in the future and to use the available technology effectively for learning.  For 
example, Jessica stated,   
“I'm not super aware of all of the technologies that are out there but I am open to 
trying some… when I find one that really works for my students, I just keep that 
…. And so, one is Kahoot. I used to all of the time because my kids love it and I 
do think that it adds challenge with my students between all of them…everyone 
likes a little challenge and competition…it makes it fun for the kids.” 
Linda further explained, 
 “If I was given time to explore the technology in the curriculum to be able to spend a lot 
of time mash like meshing those together and finding out the best way for and technology 
to be integrated into to that specific math curriculum.” 
Richard further noted, 
“One thing I think that with more technology it is going to be better things …I 
would say that teachers, five years ago never would have thought would have the 
technology out today and it is only being like five years... So, I think it's just 
having that mindset of constantly wanting to learn about new technologies and 
being able to build on those skills that you already have.” 
In summary, the interview data on the pre-service teachers’ experience in the 
teacher education program revealed that the pre-service teachers had confidence in their 
technology, pedagogy, content and TPACK knowledge domains and had positive beliefs 
in their own four TPACK self-efficacy domains. They also believe their competencies 




TPACK self-efficacy will increase further through experience in teaching in real 
classrooms.  
On the other hand, the pre-service teachers believe technology integration, 
especially for elementary math. is not as visible as in other subject areas in terms of 
helping kids to conceptually understand math content. Instead, the pre-service teachers 
believe hands on manipulatives help kids better conceptualize math content in lower 
elementary math and technology can be used effectively to repeat and practice lessons.   
In general, the pre-service interview result showed adequate evidence for face and 
content validity of the instrument used in this study.      
 
Descriptive Statistics and Scale Reliabilities. The item analysis results based on 
sample n =239 showed that skewness ranged between −1.293 and -0.368 (SE = 0.157). 
The values of kurtosis ranged between -0.560 and 4.378 (SE = 0.314). A characteristic of 
the distribution on all items in this study revealed acceptable range for normality based 
on the suggestion that skewness and kurtosis values should be between the absolute 
values of 3 (between -3 and 3) and 10 (between -10 and 10) respectively (Kline, 2016) 











Summary statistics of the TK, PK, CK and TPACK items (n =239) 
Items Min Max M SD Skewness Kurtosis  
TK1 1 5 3.644 0.909 -0.622 0.145  
TK2 1 5 4.013 0.747 -0.873 1.838 
TK3 1 5 3.711 0.891 -0.368 -0.541 
TK4 1 5 3.686 0.938 -0.382 -0.560 
TK5 1 5 3.824 0.842 -0.681 0.509 
TK6 1 5 4.059 0.748 -0.885 1.857 
CK1 1 5 4.180 0.591 -0.805 3.964 
CK2 1 5 4.213 0.573 -0.706 4.078 
CK3 1 5 4.176 0.617 -0.885 3.604 
PK1 1 5 4.167 0.555 -0.692 4.692 
PK2 1 5 4.205 0.597 -0.821 3.828 
PK3 1 5 4.176 0.567 -0.550 3.540 
PK4 1 5 4.243 0.587 -0.610 3.014 
PK5 1 5 4.180 0.591 -0.805 3.964 
PK6 1 5 4.105 0.623 -0.705 2.731 
PK7 1 5 4.159 0.642 -0.733 2.406 
TPACK1 1 5 3.967 0.834 -1.293 2.801 
TPACK2 1 5 4.172 0.580 -0.813 4.378 
TPACK3 1 5 4.138 0.610 -0.753 3.235 
TPACK4 1 5 4.234 0.618 -0.735 2.746 
TPACK5 1 5 4.239 0.578 -0.595 3.269 
  Note. SE for Skewness and Kurtosis are 0.157 and 0.314, respectively. 
The Pearson correlation of the 21 items revealed the existence of significant 
correlation between most of the items which ranged between 0.131 to 0.714 (See Table 
six). Correlations between items were not too high that to lead to either multi-collinearity 
or singularity among the items. Tabachnick & Fidell (2019) noted correlation values 
higher than .7 is a sign of multi-collinearity and values close to 1 is a sign of singularity.  











The reliability of each construct TK, CK, PK and TPACK in this study was good 
being between .812 and .892.  The latent variable correlations ranged between 0.401 and 
0.815. The highest correlation was observed between PK and TPACK which was .815. 
The lowest correlation was observed between TK and PK which was 0.401 (see Table 
seven). The standardized correlations result (correlation < .85) suggested that the latent 
variables were sufficiently distinct with no multi-collinearity concerns to examine them 
as separate constructs (Clark & Watson, 1995; Henseler, Ringle, & Sarstedt, 2015; Kline, 
2016).                   
Table 7 
Correlation Matrix and reliability for the latent Variables for the total sample n =239 
 1 2 3 4 
1. TK (.887) .422 .401 .495 
2. CK  (.883) .776 .695 
3. PK   (.892) .815 
4. TPACK    (.812) 
Note. Reliability is expressed on the diagonals; All correlations are statistically significant at p<.001. 
 
Each construct or latent variables had three to seven indicators. TK six indicators 
(T1-T6), PK has seven indicators (P1-P7), CK has three indicators (C1-C3) and TPACK 







  TPACK Measurement Model. To answer the first study question, CFA models 
were compared with sample size n =239. The first CFA model was four dimensional with 
TK (six items), PK (seven items), CK (three items) and TPACK (five items) correlated 
latent variables. The second model was a unidimensional model with all the 21 indicators 
(items). The indicators of the hypothesized latent factor in the measurement model were 
all significant.  
Model Comparison. Multiple indices were used to assess global model fit and 
the Comparative Fit Index (CFI) (Bentler, 1990), the Root Mean Square Error of 
Approximation 
(RMSEA) (Browne & Cudeck, 1993), and the Standard Root Mean Residual (SRMR; Hu 
& Bentler, 1999) for each model is reported. The CFI and TLI, values of .90 or .95 
greater reflect adequate or good fit of the model respectively. The RMSEA and SRMR, 
values of .05 or less indicate good fit, values up to .08 indicate reasonable fit, values 
ranging from .08-.10 indicate mediocre fit, and values greater than .10 indicate poor fit 
(MacCallem, Browne, & Sugawara, 1996). (Bentler, 1990; Brown et al., 2015; Browne & 
Cudeck,1993; Hu & Bentler, 1999; MacCallum et al.,1996; Keith, 2015).  
To test model one, first correlated factors TK, CK, PK and TPACK constructs 
were tested and interpreted separately. CK was a saturated (just identified) model since it 
had only three indicators.  TK construct with six indicators has good global fit (RMSEA 
[CI .064 -.142] = .102, CFI=.956, TLI = .926, SRMR = .034). PK with seven indicators 
had good model fit indices (RMSEA [CI .000 -.061] < .01, CFI = 1.000, TLI = 1.000 
SRMR=. 008) and TPACK with five indicators had good model fit indices (RMSEA [CI 




Component fits were examined, and standardized factor loadings were reported. 
The factor loading for TK was between .717 and .793 (see figure 16), the factor loading 
for PK ranged from .645 to .828 (see figure 17), and the factor loading for TPACK 










Figure 17. PK self-efficacy Measurement Model 
 
 





















The overall four factors correlated measurement model (Model l) was tested and 
the result revealed good global fit with RMSEA [CI .033-.055] = .044, CFI= .962, TLI= 
.956, and SRMR = .048 (see Table eight).  
Table 8 
Results of Confirmatory Analysis of Models on Sample (n =239) 
Variables χ2 df CFI TLI RMSEA 90%CI SRMR 
Model 1 269.103 183 .962 .956 .044 [.033-.055] .048 
Model 2 866.880 189 .704 .671 .127 [.119- .136] .113 
 
Component fit for the overall model was examined, and standardized factor 
loadings ranged from .558 to .875. The factor loading for TK was between .717 and .793, 
the factor loading for CK ranged from .825 to .875, the factor loading for PK ranged from 
.645 to .828, and the factor loading for TPACK ranged from .558 to .825.  All factor 





Figure 19. Four Dimensional TPACK self-efficacy Measurement Model 










The second CFA model (Model Two) was a unidimensional technology 
integration model with all 21 indicators loaded on one factor. The model indices were 
RMSEA [C.I .119 -.136] = .127, CFI= .704, TLI = .671 and SRMR =.113 (see Table 
nine).  
All the factor loading for specific domains ranged from .427 to .778 (see Figure 
20). All factor loadings were standardized and significant based on p<.001, but the model 
comparison result revealed Model Two did not have an adequate global fit. The four-
dimensional Model, which is Model One, has a better model fit than the unidimensional 
technology integration model which is Model Two (Bentler, 1990; Brown et al., 2015; 
Browne & Cudeck,1993; Hu & Bentler, 1999; MacCallum, Browne and Sugawara,1996; 
Keith, 2015). Therefore, the four correlated factor model was accepted as the final 






Figure 20. Uni-Dimensional Technology Integration self-efficacy Model 
 
 
Result: Research Question Two  
To what extent do Technological Knowledge (TK), Pedagogical Knowledge (PK) 
and Math Content Knowledge (CK) self-efficacy affect elementary pre-service teachers’ 
math technology integration self-efficacy (TPACK self-efficacy)? 




Structural Equation Model. Model one with the four correlated factors CFA 
model with TK, CK, PK and TPACK dimensions exhibited a better model fit compared 
to the unidimensional model. Then the predictive model TK, PK and CK self-efficacy as 
independent latent variables and TPACK self-efficacy as dependent variables was 
performed using SEM techniques and Mplus 7 software (Muthen & Muthen, 2006) with 
MLR. 
Estimation of this SEM model yielded good global fit, RMSEA [CI .033-.055] = 
.048, CFI = .962, TLI= .956, SRMR = .048. Component fit for the overall model was 
examined and all factor loadings were standardized and significant based on p<. 001. The 
factor loading for TK was between .721 and .792, the factor loading for CK ranged from 
.823 to .878. the factor loading for PK ranged from .642 to .815, and the factor loading for 
TPACK ranged from .560 to .801.  
Standardized path coefficients were also reported in Figure 21 and unstandardized 
coefficients (and SEs) were reported in Table 10. Results revealed that PK and TK latent 
variables were positively associated with TPACK self-efficacy; however, the latent 
variable representing math content did not predict TPACK self-efficacy.  
The model explained approximately 75 % of the variance in TPACK Self-
efficacy. TK and PK contributed significantly to TPACK self-efficacy (β= .187, p<.01; 
β= .659, p<.001 respectively). But CK did not predict TPACK self-efficacy significantly 








Model fit of the structural equation model describing TPACK on Sample (n =239) 
Model  χ2 df CFI  TLI RMSEA 90%CI SRMR 
TPACK 269.103 183 .962  .956 .044 [.033-.055] .048 




Figure 21. Results of hypothesized TPACK self-efficacy Predictive Model based on post 
measures. Standardized coefficients are reported for each path. Solid lines indicate 
significant paths (p < .001). Dashed line indicates non-significant paths. TK and PK are 










Unstandardized parameter estimates for tested structural model from Mplus result on 
Sample (n =239). 
Latent 
Variables 
Relationship (BY, WITH) Estimate SE 
TK             Factor loading (BY)  T1 1 0 
                                    T2 0.767** 0.075 
                                    T3 0.945** 0.107 
                                    T4 1.005**  0.093   
                                    T5 0.949** 0.096 
                                    T6 0.800** 0.083   
CK Factor loading (BY)  C1 1 0 
                                    C2 0.985** 0.074 
                                    C3 1.113** 0.073 
PK Factor loading (BY)  P1 1 0 
                                    P2 1.122** 0.098 
                                    P3 0.994** 0.085 
                                    P4 1.179** 0.082   
                                    P5 1.112** 0.091 
                                    P6 1.143** 0.086 
                                    P7  1.015**** 0.092 
TPACK  Factor loading (BY) TP1 1 0 
                                    TP2 0.846** 0.100 
                                    TP3 0.954** 0.112 
                                    TP4 1.059**** 0.100 
                                    TP5 0.894** 0.112 
TPACK Correlation (WITH) TK 0.124* 0.041 




                                     PK 0.759** 0.142 
CK                                     TK 0.144** 0.041 
PK                                     TK 0.114* 0.037 
                                     CK 0.153** 0.044 
          Significant *< .05. ** < .001. Note: the first items for each latent variable were scaled to 1. 
Result: Research Question Three 
Were there positive changes in TPACK, TK, CK and PK self-efficacy at the end of a 
semester? 
a) To what extent TPACK, TK, CK and PK self-efficacy changed during a 
semester? 
b) Were there changes in TPACK, TK, CK and PK self-efficacy at the end of Spring 
2017, Fall 2017, or Spring 2019 semesters? 
   Hypothesis (H3).  H0a: The pre and the post means of TPACK, TK, CK and PK 
self-efficacy are the same at the beginning and at the 
end of semesters (µPre=µPost). 
                                          H1a: There are positive changes in self-efficacy during a 
semester. 
                                          H0b: There is no interaction between time and semester (On 
average, change in TPACK, TK, CK and PK self-
efficacy are the same for all semesters) 
                                           H1b: There is interaction between time and semester 
(Change in TPACK, TK, CK and PK self-efficacy are 
different in different semesters).  
TPACK Self-efficacy. Repeated Measure ANOVA was conducted on a simple n 
=158 for semesters where adequate paired pre and post survey data was collected (Spring 




efficacy during a semester and to see if the change was a significantly difference in the 
three semesters. 
Before analyzing a Repeated Measure ANOVA, testing of the assumptions was 
conducted. One of the assumptions for two-way Repeated Measure ANOVA is that the 
dependent variables should be continuous variables in which the pre and post TPACK 
self-efficacy in this study were taken as continuous variables (1 to 5).  Next, data 
distribution was tested using graphs, skewedness, and kurtosis in SPSS 26. Aggregate 
values were used in the analyzing both pre and post TPACK self-efficacy responses since 
the five items have high internal consistency. Cronbach Alpha of .812 and .848 for pre 
and post reports, respectively.   
The pre and post TPACK self-efficacy scores were approximately normally 
distributed for all three semesters after transforming the data with Log10. For Spring 
2017 semester, pre TPACK self-efficacy revealed a skewness of .584(SE=.383) and a 
kurtosis of 1.064(SE=.750) and the post TPACK self-efficacy revealed a skewness of 
1.376(SE=.383) and a kurtosis of 3.039(SE=.750). For Fall 2017, pre TPACK self-
efficacy revealed a skewness of .913(SE=.264) and a kurtosis of .646(SE=.523) and the 
post TPACK self-efficacy revealed a skewness of 4.83(SE=.264) and a kurtosis of 
35.087(SE=.523). For Spring 2019 semester, pre TPACK self-efficacy revealed a 
skewness of .766(SE=.388) and a kurtosis of 1.363(SE=.759) and the post TPACK self-
efficacy revealed a skewness of .463(SE=.388) and a kurtosis of 1.682(SE=.759) 
(Cramer, 2007; Doane & Seward, 2011).  
To further fulfill the other assumptions for Repeated Measure ANOVA, 




Test revealed a non-significant value and hence the null hypothesis was accepted with F 
(2,155) =.135, p= .874 on pre TPACK self-efficacy and F (2,155) =.246, p= .782 on post 
TPACK self-efficacy.  
The descriptive statistic and the marginal means plot showed significant (p< .001) 
increases on all of the three semesters data from pre to post measures, with Mean increase 
from .527 (SD=.084) to .627 (SD=.054) in Spring 2017, with Mean increase from .536 
(SD=.078) to .604 (SD=.083) in Fall 2017 and with Mean increase from .5591 (SE=.084) 
to .620 (SE=.046) in Spring 2019 (see Table 11). A repeated measure ANOVA result 
revealed TPACK self-efficacy changed significantly during all the three semesters with a 
large effect size reported with partial eta squared (η2). 
Table 11 
Descriptive data and results of paired-sample TPACK self-efficacy in Spring 2017, Fall 
2017, Spring 2019 semesters (n =158) 
 Pre-Survey        Post-Survey 
 Semester (Groups)              n M SD  M   SD 
Spring 2017           38 .53 .08 .63 .05 
Fall 2017           83 .54 .08 .60 .08 
Spring 2019           37 .56 .08 .62 .05 
   Total          158 .54 .08 .61 .07 
  
The result of using a repeated measures ANOVA General Linear Model to 
analyze pre-service results showed significant changes (p <.001) in TPACK self-efficacy 
on the post survey compared to the pre survey data. There was no significant (p >.05) 




correction there was a significant main effect of time, F (1,155) =70.076, p <.001, partial 
eta squared (η2) = .311. The result of TPACK self-efficacy of the pre and posttest were 
different and the differences between the means of the two within-subjects’ levels are 
large enough to reach significance. The partial eta squared (η2) result revealed large 
effect.  
There was no significant interaction between time and semester, F (1,155) = 
1.488, p > .05, partial eta squared (η2) = .019. The change in TPACK self-efficacy in the 
three semesters was not significantly different (see Table 12). Therefore, Bonferroni 
Post-hoc analyses is not required since the interaction effect was not significant.   
Table 12 



















.402 1 .402 70.076 <.001 .311 
Time * 
Semester 
 .017 2 0.009 1.488 0.229 .019 
Error(time)  .890 155 .006      
 
Similarly, the three main knowledge domains TK, CK and PK self-efficacy were 
also investigated. The internal consistencies (Cronbach Alpha) for TK are .862 (pre) and 
.886 (post), for CK are .721 (pre) and .896 (post), for PK are .837 (pre) and .902 (post). 




The pre and post TPACK self-efficacy scores were revealed to be approximate normal 
distributions for all three semesters after transforming the data with Log10. 
TK Self-efficacy. The homogeneity of variance was assumed for TK both pre and 
post in the three semesters. Levene’s Test revealed a non-significant value and hence the 
null hypothesis was accepted with F (2,155) =.733, p= .482, on pre-TK self-efficacy and 
F (2,155) =.062, p= .940, on post TK self-efficacy.    
The descriptive statistic and the marginal Means plot showed increases in all of 
the three semesters data from pre to post measures, with Mean increase from .5605 
(SD=.08679) to .5864 (SD=.8872) in Spring 2017, with Mean increase from .5473 
(SD=.08336) to .5710 (SD=.08890) in Fall 2017 and with Mean increase from 
.5659(SE=.09360) to .5823 (SE=.08429) in Spring 2019 (see Table 13).  
Table 13 
Descriptive data and results of paired-sample TK self-efficacy in Spring 2017, Fall 2017, 
Spring 2019 semesters (n =158) 
 Pre-Survey        Post-Survey 
 Semester (Groups)              n M SD  M   SD 
Spring 2017           38 .56 .09 .59 .09 
Fall 2017           83 .55 .08 .57 .09 
Spring 2019           37 .57 .09 .58 .08 
   Total          158 .55 .09 .58 .09 
 
The result of the analysis of Repeated Measures ANOVA General Linear Model 
showed significant changes on TK self-efficacy on the post survey compared to the pre 




Based on a Greenhouse-Geisser correction there was a significant main effect of time, F 
(1,155) =9.007, p <.05, partial eta squared (η2) = .055. The result of TK self-efficacy of 
the pre and post tests were different and the differences between the means of the two 
within-subjects’ levels are large enough to reach significance. The partial eta squared (η2) 
result revealed small effect.  
There was no significant interaction between time and semester, F (1,155) = .132, 
p > .05, partial eta squared (η2) = .002. The change in TK self-efficacy in the three 
semesters was not significantly different (see Table 14). Bonferroni Post-hoc analyses is 
not required since the interaction effect was not significant.   
Table 14 



















.033 1 .033 9.007 < .01 .055 
Time * 
Semester 
 .001 2 0.000 .132 .877 .002 
Error(time)  .574 155 .004      
CK Self-efficacy.  The homogeneity of variance was assumed for CK both pre 
and post in the three semesters. Levene’s Test revealed a non-significant value and hence 
the null hypothesis was accepted with F (2,155) =.733, p= .482 on pre CK self-efficacy 




The descriptive statistic and the marginal Means plot showed increases on all the 
three semesters data from pre to post measures, with Mean increase from .5273 
(SD=.08355) to .6271 (SD=.05443) in Spring 2017, with Mean increase from .5355 
(SD=.07807) to .6043 (SD=.08252) in Fall 2017 and with Mean increase from .5591 
(SE=.08402) to .6198 (SE=.04609) in Spring 2019 (see Table 15).  
Table 15 
Descriptive data and results of paired-sample CK self-efficacy in Spring 2017, Fall 2017, 
Spring 2019 semesters (n =158) 
 Pre-Survey        Post-Survey 
 Semester (Groups)             n M SD  M   SD 
Spring 2017           38 .57 .07 .63 .05 
Fall 2017           83 .57 .08 .61 .09 
Spring 2019           37 .57 .07 .61 .05 
   Total          158 .57 .08 .62 .07 
 
Using the Repeated Measures ANOVA General Linear Model to analyze pre-
service results showed significant changes on TPACK self-efficacy on a post survey 
compared to the pre survey data. Further, there was no significant group difference 
shown in between the three semesters. Based on a Greenhouse-Geisser correction there 
was a significant main effect of time, F (1,155) =70.08, p <.001, partial eta squared (η2) = 
.198. The result of TPACK self-efficacy of the pre and posttest were different and the 
differences between the means of the two within-subjects’ levels are large enough to 




There was no significant interaction between time and semester, F (1,155) = 1.49, 
p =.229, partial eta squared (η2) = .012. The change in TPACK self-efficacy in the three 
semesters was not significantly different (see Table 16). Bonferroni Post-hoc analyses are 
not required since the interaction effect was not significant.   
Table 16 


















.167 1 .167 38.385 <.001 .198 
Time * 
Semester 
 .008 2 .004 .958 .386 .012 
Error(time)  .675 155 .004      
PK Self-efficacy. The homogeneity of variance was assumed for PK both pre and 
post in the three semesters. Levene’s Test revealed a non-significant value and hence the 
null hypothesis was accepted with F (2,155) =.671, p= .513 on pre-PK self-efficacy and 
F (2,155) =.603, p= .548 on post PK self-efficacy.    
The descriptive statistic and the marginal Means plot showed increases on all of 
the three semesters data from pre to post measures, with Mean increase from .5480 
(SD=.07375) to .6296 (SD=.05519) in Spring 2017, with Mean increase from .5556 
(SD=.06946) to .6057 (SD=.08112) in Fall 2017 and with Mean increase from .5688 







Descriptive data and results of paired-sample PK self-efficacy in Spring 2017, Fall 2017, 
Spring 2019 semesters (n =158) 
 Pre-Survey        Post-Survey 
 Semester (Groups)              n M SD  M   SD 
Spring 2017           38 .55 .07 .63 .06 
Fall 2017           83 .56 .07 .61 .08 
Spring 2019           37 .57 .06 .62 .04 
   Total          158 .56 .07 .62  .07 
The Repeated Measures ANOVA General Linear Model to analyze pre-service 
results showed significant changes in PK self-efficacy on a post survey compared to the 
pre survey data. Further, there was no significant group difference shown in between the 
three semesters. Based on a Greenhouse-Geisser correction there was a significant main 
effect of time, F (1,155) =61.718, p <.001, partial eta squared (η2) = .285. The result of 
PK self-efficacy of the pre and posttest were different and the differences between the 
means of the two within-subjects’ levels are large enough to reach significance. The 
partial eta squared (η2) result revealed large effect size. 
There was no significant interaction between time and semester, F (1,155) = 
1.591, p > .05, partial eta squared (η2) = .020. The change in PK self-efficacy in the three 
semesters was not significantly different (see Table 18). Bonferroni Post-hoc analyses are 
























.262 1 .262 61.718 < .001 .285 
Time * 
Semester 
 .014 2 0.007 1.591 0.207 .020 
Error(time)  .659 155 .004      
 
   All in all, the pre-service teachers’ self-efficacy in TK, PK, CK and 
TPACK positively changed during all three different semesters. Table 19 summarized the 










Summarize the results of the study 
Study Question Result 
1. What is the degree to which 
TPACK, TK, PK and CK self-
efficacy are identified as four inter 
correlated dimensions’ measures?  
  
• Pre-service understanding of the 
instrument items, their TPACK 
understanding was in in line with the 
study goal 
• An acceptable four factors correlated 
TPACK Self-efficacy model 
2. To what extent do Technological 
(TK), Pedagogical (PK) and Math 
Content knowledge (CK) self-
efficacy affect Math technology 
integration self-efficacy (TPACK 
self-efficacy )? 
• Acceptable TPACK Prediction Model 
 
3. To what extent TPACK, TK, CK 
and PK self-efficacy changed 
during a semester? 
o Were there group differences 
between the three semesters, 
namely Spring 2017, Fall 
2017, Spring 2019 semesters? 
 
 
• Significant change in TPACK self-
efficacy including TK, CK and PK self-
efficacy 
• No significant difference in the change 
of TPACK self –efficacy between 
different semesters 
• Large effect sizes for TPACK, CK, PK 
self-efficacy changes using Partial eta 
squared (η2). Small effect size revealed 




Chapter 5. Discussion 
Overview of Study 
The main goal of this study was to assess pre-service TPACK self-efficacy 
development for math content in a mid-western university elementary teacher education 
program. Therefore, the threefold aim was addressed in this study. First, this study 
validated a TPACK self-efficacy measure for elementary math content. Second, it 
identified the impacts of TK, CK and PK on TPACK self-efficacy elementary math 
content. Third, it evaluated the change in pre-service TPACK self-efficacy during a 
semester.   
To guide the inquiry of this study, TPACK framework and social cognitive theory 
were employed. TPACK framework states that to integrate technology in any content 
area, teachers must understand the three main knowledge domains (TK, PK and TK) and 
the interplay among them (Koehler and Mishra, 2006; Koehler and Mishra; 2009). Social 
cognitive theory explains self-efficacy, modeling learning and motivation impact future 
competency on the desired goal (Bandura,1997,2002; Schunk et al.,2014). 
Previous studies have shown different results in a factor structure in TPACK self-
efficacy in different context and different content areas (Abbitt, 2011; Chai, et al, 2011; 
Scherer et al., 2017; Scherer et al., 2018; Voogt et al., 2013, Zelkowski, et al, 2013). This 
study validated a four factor TPACK self-efficacy measure and tested a SEM predictive 
model specific to math content in the context of a large mid-western university 
elementary teacher education program.  
Unlike previous TPACK studies, this study addressed instrument content and face 




technology integration by asking direct questions from the instrument to check their 
perception of the items. The Cronbach’s Alpha(α) of the four knowledge domains (TK, 
PK, CK and TPACK) ranged from.81 to .89, which revealed good internal consistency. 
Research Question One 
TPACK Self-efficacy as Four Correlated Factors. The study tested TPACK 
self-efficacy measurement models based on a TPACK framework which was specific to 
elementary math content. Koehler & Mishra (2009) asserted that teachers need to have 
integrated knowledge of technology, pedagogy, and subject content in order to teach 
effectively in classroom. With CFA data analysis procedure, the result revealed TK, PK, 
CK and TPACK as a four correlated factor model.  
The current study adapted Schmidt’s et al. (2009) instrument originally designed 
for elementary school for all subject areas exclusively for examining math. The result 
showed the four interrelated factor model provided empirically distinct dimensions TK, 
PK, CK and TPACK for elementary math subject.  
Saudelli & Ciampa (2016) conducted an ethnographic study with elementary pre-
service teachers(N=3) using language arts teaching to investigate TPACK self-efficacy 
and pre-service attitudes toward mobile technology-enhanced instruction and how TK, 
PK CK relate to each other as a foundation of TPACK. The result revealed the three main 
TPACK domains equally enhanced the teaching practice of language arts and the result 
indicated study participants identified relationships among TK, PK, CK and TPACK.  
Generally, the relationships among TK, PK, CK and TPACK self-efficacy 
revealed moderate positive correlation. The highest moderate correlation was observed 




the boundary of high correlation. Whereas all knowledge domains correlations imply 
very clear moderate correlations. This indicates that TPACK self-efficacy directly related 
with TK, PK and CK.  
The quantitative result was in line with the qualitative interview data results. 
During the interview almost all pre-service teachers clearly indicated technology 
integration will be effective if teachers are using technology for a sound pedagogical 
reason. They shared their beliefs of using technology for elementary school math content 
should be after evaluating elementary school children learning needs and capacity to 
grow in their learning.   
Albeit there was no study found that was conducted to measure math TPACK pre-
service teachers’ self-efficacy quantitatively, other studies in middle and high school 
math TPACK self-efficacy that were conducted quantitatively and qualitatively also 
found possible relationships among TK, PK, CK and TPACK (E.g., Smith, Kim & 
McIntyre, 2016; Zelkowski et al, 2013).   
Research Question Two 
After ensuring a good measurement model with adequate model fit for four 
correlated factor TPACK self-efficacy, a SEM model was assessed to test if TK, CK and 
PK self-efficacy impacted TPACK self-efficacy. The result revealed only TK and PK 
impacted TPACK self-efficacy while CK or elementary math content self-efficacy didn’t 
predict TPACK self-efficacy in the current study context.  
The result indicated the SEM model had good global fit. It explained 
approximately 75 % of the variance in TPACK Self-efficacy. TK and PK contributed 




influenced by PK self-efficacy than TK self-efficacy.  
CK did not predict TPACK self-efficacy significantly. This indicates elementary 
pre-service teachers did not perceive CK self-efficacy positively influencing their 
TPACK self-efficacy. This result might be because of the pre-service belief during the 
interview that elementary school math content in schools is mostly facilitated using 
hands-on manipulatives than technology. The pre-service teachers indicated their own 
experience in teaching and observing elementary math in classroom during their 
practicum and student teaching. The results of TPACK self-efficacy predication will be 
further examined further in the next sections. 
 
PK Self-efficacy Predicted TPACK Self-efficacy. In the current study context, 
the result indicated elementary pre-service teachers’ TPACK self-efficacy was 
significantly affected by PK self-efficacy.  This result suggests having high self-efficacy 
in PK would impact high self-efficacy in TPACK for integrating technology in math 
content in elementary schools. One important finding from the SEM model in the current 
study was PK self-efficacy was found to be the highest self-efficacy domain that pre-
service teachers believed affected their TPACK self-efficacy.  
During the interviews, pre-service teachers showed high confident and belief in 
pedagogical reasoning on why and when technology should be integrated in elementary 
math content. Maeng, Mulvey, Smetana & Bell, R. L. (2013) did a qualitative case study 
during a science reform technology-enhanced inquiry instruction with pre-service 
secondary science teachers’ (N=27). The results showed that technology-enhanced 
inquiry instruction helped supported TPACK development.  




pedagogical approach to enhance pre-service English teachers TPACK during a web 
conference teaching study for 14 weeks resulted in a quantitative content analysis of 
coding revealing that the teachers' discussions conspicuously displayed an orientation 
towards Pedagogical Content Knowledge (PCK), as opposed to technology-based 
knowledge. Interestingly, in the current quantitative study the elementary pre-service 
teachers perceived PK as a larger positive influence on their TPACK self-efficacy.  
Similarly, other researchers have argued that pedagogical knowledge has vital 
impact increasing TPACK self-efficacy and teacher education programs may focus on 
pedagogical content knowledge (PCK) to impact TPACK self-efficacy (Kıray, Çelik & 
Çolakoğlu,2018; Maeng, Mulvey, Smetana & Bell, R. L.,2013; Tseng, Cheng, & Yeh, 
2019). Kıray, Çelik & Çolakoğlu (2018) analyzed self-report data from science teachers 
(N=563) using SEM to investigate the relationship of the sub domains of TPACK. The 
result suggesting PCK was the most crucial domain that impacted TPACK self-efficacy. 
Thus, the researchers proposed teacher education institutes should focus more on PCK 
instead of a direct technology-based approaches to increase TPACK self-efficacy of 
teachers. 
The strong and positive significant relationships between the pre-service teachers’ 
pedagogical knowledge and TPACK self-efficacy could be the existence of strong 
curriculum related to pedagogical contents such as course work, field experiences and 
higher educators modeling pedagogical practices during the teacher education program 
which might have helped the pre-service teachers’ confidence and strong belief in 
pedagogy.  




the results indicated elementary pre-service teachers’ TPACK self-efficacy significantly 
affected by TK self-efficacy.  This indicated the pre-service teachers perceived TK self-
efficacy positively can impact their TPACK self-efficacy.  
This result was in line with the interview data result. The pre-service teachers 
indicated their belief in effective use of technology in teaching elementary school math 
content. During the interview, the pre-service teachers explained teachers should be more 
vigilant when using technology especially for lower level (K-3). The pre-service 
teachers’ belief elementary school children might not have one-to-one technology 
equipment at school, or the elementary children might have low technology skills and 
integrating technology might add cognitive load for children who are already struggling 
for math content acquisition and reasoning.    
In another TPACK self-efficacy study with science pre-service teachers using 
Web 2.0 applications at six different state universities, the results showed a significant 
relationship between TPACK self-efficacy and TK which is specifically use of Web 2.0 
(Wright & Akgunduz, 2018). Lehtinen, A., Nieminen, P. & Viiri, J. (2016) also 
investigated the impact of simulations in elementary school pre-service teachers in 
teaching science in classroom. The result implied the importance of developing pre-
service teachers’ TPACK for science content by developing their TK self-efficacy and by 
encouraging them to use simulations in science teaching throughout their education 
program.  
In a quantitative study that investigated the relationship between TPACK self-
efficacy and TPACK competency with educational sciences pre-service teachers from 




courses related to technology improved pre-service teachers’ TPACK self-efficacy and 
their competency.  
In this study, the result revealed that elementary pre-service teachers perceived 
their technology knowledge self-efficacy affected their TPACK self-efficacy less 
strongly than their pedagogical self-efficacy. One reason for this could be the existence of 
statistical mediation variables between TK and TPACK with stronger relationship such as 
TCK and TPK, the overlapping factors in the TPACK theoretical framework. Celik, 
Sahin, & Akturk (2014) studied the relationships among TPACK subdomains using SEM 
with the response of pre-service teachers in several specializations in elementary and 
secondary levels. The results suggested pedagogy was significantly correlated with both 
TK and CK. In addition, TK, PK, CK impacted TPACK self-efficacy mediated by PCK 
and TCK respectively. 
Similarly, an ethnographic study investigated three elementary pre-service 
teachers on the influence of using an iPad in language arts classes. After collecting data 
from the teachers’ blogs, field notes and classroom observation, the finding reveals 
teachers’ TPK and TCK developed during the semester. Further, their teaching 
experience highly influenced the decision when to use an iPad in the classroom and all 
teachers could identify the inter connection among the three-core knowledge domain of 
TK, PK and CK (Saudelli & Ciampa, 2016).  
The other reason for a small positive relationship between TK and TPACK self-
efficacy than between PK and TPACK self-efficacy could be the need for pre-service 
teachers to experience more appropriate use of technology for the lesson they teach. It 




teachers strongly connect TK and TPACK. To optimize the influence of different factors 
affecting TPACK, teacher education programs should adopt strategies that help pre-
service teachers use technology with appropriate pedagogical applications and model 
TPACK throughout the teacher education program.  
Elementary Math Self-Efficacy Did Not Predict TPACK Self-efficacy. In the 
current study context, the result indicated elementary pre-service teachers’ TPACK self-
efficacy was not significantly affected by CK self-efficacy.  This result suggests having 
high self-efficacy in elementary math is not significant enough to impact the TPACK 
self-efficacy of elementary pre-service teachers in the current study context.  
This result might be due to the pre-service teachers’ belief they had that 
elementary math is addressed more with manipulative. During the interview, the pre-
service teachers described their in-school observations, especially in lower elementary 
classrooms, that students learn math better with hands on activities. This result might also 
be due to a weak focus in elementary math lessons integrated in elementary classrooms in 
the context that the pre-service teachers experienced.  The result might not be true in 
different context where math content is more complex in upper elementary or secondary 
levels. This result could change if pre-service teachers experienced and practiced 
technology integration in elementary math content in their own teaching or the pre-
service teachers observed effective use of technology in classroom to teach elementary 
math content. It could also be statistical reason such as CK could have indirectly 
impacted TPACK self-efficacy with other mediated variable(s) such as PCK. 
Albeit some quantitative TPACK studies that have been conducted in a general 




no studies specific to elementary math content confirming CK predicts TPACK. But a lot 
of quantitative and qualitative studies in math content areas similar to the current study 
revealed the possible relationships among TK, PK, CK and TPACK self-efficacy (E.g., 
Smith, Kim & McIntyre, 2016; Zelkowski et al, 2013).  
In a qualitative study conducted with pre-service teachers (N=4) in middle school 
math looking at TPACK self-efficacy, Smith, Kim & McIntyre (2016) discovered the 
possible relationships in pre-service teachers’ beliefs in TK, PK, CK and their levels of 
TPACK self-efficacy. Zelkowski et al (2013) has investigated quantitatively the possible 
relationships among TPACK sub domains in secondary school math. The results 
revealed, there were positive relationships among TK, PK, CK and TPACK self-efficacy. 
Further, TK, PK and CK beliefs are contributing factors regarding TPACK self-efficacy 
during pre-service preparation programs, but Zelkowski et al (2013) did not further 
analyze a predictive model.   
Kıray, Çelik & Çolakoğlu (2018) conducted a SEM analysis to predict TPACK 
self-efficacy of science teachers, the result revealed that TK, CK and PK impacted 
TPACK self-efficacy through mediated knowledge domains TCK, TPK and PCK.  
Further, PCK had the highest impact which mediated CK and PK. On the other hand, 
quantitative study that assessed the relationships among TK, PK, CK in Math and 
Science and TPACK of pre-service teachers (N=116) using multiple regression analysis 
revealed TK, PK, and CK are not predictors of TPACK in the study context (Kaplon-
Schilis & Lyublinskaya,2020).  On the other hand, Chai et al. (2010) found TK, PK and 




efficacy. In different context, different results were revealed related to TPACK self-
efficacy prediction in math, science, and other content areas.   
Generally, the results of the current study showed TK and PK predicted TPACK 
self-efficacy significantly while CK (elementary math) did not predicted TPACK self-
efficacy. This result might be due to the absence of a mediation variable (PCK or/and 
TCK) and elementary math might have affected TPACK self-efficacy indirectly through 
mediation. These mediators might be PCK and TCK which are among the seven TPACK 
frameworks used in this study that could possibly be created from the inter play between 
pedagogy and content (PCK) and the interplay between technology and content (TCK).  
The other reason might be based on the belief of the elementary pre-service 
teachers that low level math is mostly done manually (hands on) at schools. The pre-
service teachers in the current study interviews acknowledged the relationships among 
the TK, PK, CK and TPACK, but at the same time they discussed math manipulatives 
can be more important than using technology for low level math curriculum.  
To optimize the influence on elementary math content and TPACK self-efficacy, 
teacher education programs should adopt strategies that help pre-service teachers connect 
elementary math content with meaningful pedagogical and technological uses. Modelling 
appropriate technology tools into elementary math content curriculum in teacher 
education programs is also vital to help pre-service teachers in developing technology 
integration self-efficacy in elementary math content and experiment them in their classes, 




Research Question Three 
Pre-service Positive TPACK Self-Efficacy Change and Development. The 
results showed there are significant changes in TPACK self-efficacy at the end of each of 
the three semesters that paired pre and post surveys. Similarly, the results showed there 
are significant increases in TK, PK and CK self-efficacy at the end of each semester that 
the paired pre and post data was collected.  There was no significance difference in the 
changes in self-efficacy in TK, PK, CK and TPACK among the three semesters. 
Bate & Macnish, (2013) conducted qualitative study using focus group discussion 
to assess changes in pre-service teachers' (N=28) knowledge to teach elementary math by 
adapting TPACK models in the study. The study reported teaching integration of 
technology for pre-service teacher was effective when there is a proper balance of 
believes in the three knowledge domains of TK, PK and CK (elementary math). 
Therefore, a lot of quantitative and qualitative studies investigated the changes and 
development of TPACK self-efficacy (E.g., Chai, Koh, & Tsai, 2010; Gill, & Dalgarno, 
2017; Lehtinen, Nieminen & Viiri, 2016; Mouza, Yang, Pan, Yilmaz Ozden, & Pollock, 
2017, Özdemir, 2016; Polly, 2014).  
Lehtinen et al. (2016) found a statistically significant increase in primary school 
pre-service science teachers’ (n = 36) TPACK self-efficacy and the other subdomains 
after assessing the effect of a simulations in science teaching. The authors used t-test to 
analyze the difference between the pre and the post self-report data and they further noted 
the importance of the pre-service TPACK was correlated with their beliefs on the 
advantages of simulation in science teaching. In another quantitative study using 




secondary school pre-service teachers’ improvement (Pre-test N=439, Post-test N=365) 
on their TPACK self-efficacy during a semester in a teacher education program and 
supported with good effect sizes using Independent Samples t-Test. 
Gill & Dalgarno (2017) conducted a qualitative case study to assess elementary 
pre-service teachers’ TPACK (N= 6 to 8) using semi-structured interviews over the 
duration of a four-year teacher education program. The results revealed a clear increase in 
TPACK development through the years and the authors further noted courses related to 
technology and pedagogy with assignments, higher education teacher educator modeling 
TPACK and student practicum positively affected the growth of pre-service TPACK. 
Similarly, Polly, D. (2014) found a gain in elementary math content and pedagogy during 
a semester where data was collected and inductively analyzed from course work samples 
and an open-ended survey.  
In this study, the highest effect size was revealed in TPACK self-efficacy and the 
smallest effect size was found in technology self-efficacy. Next to TPACK self-efficacy 
pedagogical knowledge self-efficacy had changed in a large effect size. These results 
were in line with the pre-service teachers’ high perceptions of their knowledge in 
TPACK and pedagogy. The pre-service teachers also indicated their confidence in 
technology, but also reported they need more time and practice with technology.   
 A positive change in all the self-efficacy results was revealed in the three 
semesters that the pre and post data were analyzed. The increase in technology, 
pedagogy, content and TPACK self-efficacy could indicate the teacher education 
program curriculum had a positive impact on the student learning related to integrating 




pre-service teachers’ belief they had grown with in their TPACK during their teacher 
education programs. The pre-service teachers also indicated they value their practicum 
and student teaching experiences the most for their TPACK development. 
Conclusion  
 
This study validated TPACK self-efficacy measures specific to math elementary 
content area in a Midwestern teacher education program and the results indicated a four 
correlated factor TPACK self-efficacy. Therefore, the results provided a CFA model that 
is aligned with the TPACK theoretical framework. Further, the relationships among 
TPACK self-efficacy with the three main knowledge domains (TK, PK and CK) were 
evaluated with SEM, and the result revealed TK and PK significantly impacted TPACK 
self-efficacy while CK didn’t significantly affect TPACK self-efficacy.  The strongest 
impact on the pre-service teachers’ self-efficacy was found to be PK. 
In addition to validating TPACK self-efficacy measures and evaluating the 
relationships among TPACK subdomains, the current study also evaluated the change in 
TPACK self-efficacy during a semester. The result showed an increase in all self-efficacy 
of TK, PK, CK and TPACK during three different semesters.  The result of this study 
together with literature review indicates to practically develop elementary pre-service 
teachers’ TPACK self-efficacy to integrate TK, PK and CK successfully in elementary 
classrooms, teacher education programs might use a combination of several strategies.   
TPACK could develop through assignments and projects activities during course 
work, in classrooms during student teaching, when designing lesson plans during 




results in this study indicated modeling technology integration by teacher educators 
during elementary teacher education programs impact in developing pre-service teachers’ 
self-efficacy and development in TPACK.  Empowering pre-service teachers during their 
teacher education program through collaborative technology integration activities, 
through observation of elementary schools classrooms in math technology integration, 
and by practically creating lesson plans to teach elementary math content during student 
teaching might support pre-service TPACK development. 
Significance 
This study will have a significant contribution to TPACK literature, more 
specifically literature related to elementary math technology integration. As this study 
included strong quantitative results together with qualitative data results to increase the 
validity of the research, it would provide more insight into elementary math TPACK for 
teacher educators and other researchers. It also helps teacher education programs to look 
at a bigger picture on measuring TPACK and its related factors of TK, CK and PK during 
training pre-service teachers.  
It will also provide insight for teacher educators during designing technology 
integration and method courses or curriculum updates in teacher education programs. It 
would also provide information for pre-service teachers and in-service teachers about 
integrating technology in elementary math curriculum. Educational technologists would 
also use the results of the study to create better technology tools such as simulation, 
games and coding programs that could help elementary school teachers teach math 




Generally, the significant of the current study is to provide insight into elementary 




The study is context dependent and should not be generalized in the broader 
context without replicating the results in other contexts. This study was limited to the 
four correlated factors in TPACK framework.  But there are other additional factors, legal 
and ethical considerations that relate to pre-service teachers TPACK self-efficacy and 
development which were not included in this study. 
Future Study and Recommendations 
The findings in the current study informs teacher education programs, K-6 math 
education, educational technology researchers, pre-service teachers, and higher education 
teacher educators.    Based on the current study results teacher education program should 
continue to strengthen the curriculum by providing a variety of experience for their pre-
service teachers to build their TPACK self-efficacy and development.  
The result of the research showed elementary math content did not significantly 
predict TPACK self-efficacy. One of the reasons might be the pre-service teachers might 
not have observed or practiced well technology integration skills for specific elementary 
math content during their practicum and course works.   Educators should encourage 
elementary pre-service teachers to practice and test available tools that can help 




the available elementary math tools for practicum students, student teachers, and 
elementary school teachers to use them in teaching elementary school math effectively. 
For example, coding and gamification could be the best tools to teach future 
elementary math in addition to manipulatives that schools are using in the current 
context. Therefore, it is worthwhile for teacher education programs to include widely 
effective technology integration practices specific to elementary math content lessons in 
the form of projects, field work, lesson plans, and presentations.  
Therefore, this study recommends future studies to further investigate an 
intervention study on teaching pre-service teachers using integration of specific tools in a 
specific elementary math contents with certain pedagogical approaches to see in what 
extent do pre-service teachers improve their TPACK self-efficacy and development and 
how their motivation to use technology teaching elementary math would be impacted.  
Future studies might have to validate the seven correlated factors by adding more 
specific survey items for each mediated factor. The non-significant result CK to predict 
TPACK might have happened because TPACK might have been affected by CK 
indirectly through mediation of PCK or TCK or both. Therefore, his study recommends 
adding the mediated TPACK knowledge domains of TCK, TPK and PCK to further 
investigate the impact of elementary math content areas on TPACK self-efficacy.  
Adding specific elementary math content items in survey questions such as place values, 
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Appendix B: Survey Instrument 
All survey items unrelated to math were removed from the original survey. The 
survey used a 5‐point Likert scale.: 1. Strongly disagree, 2. Disagree, 3. Neither agree nor 
disagree, 4. Agree, and 5. Strongly agree. Schmidt, D. A. et al. (2009) 
 Technological Knowledge (TK) 
1. I know how to solve my own technical problems. 
2. I can learn technology easily. 
3. I keep up with important new technologies. 
4. I frequently play around with the technology. 
5. I know about a lot of different technologies. 
6. I have the technical skills I need to use technology. 
Content Knowledge (CK) 
7. I have sufficient knowledge about mathematics. 
8. I can use a mathematical way of thinking. 
9. I have various ways and strategies of developing my understanding of 
mathematics. 
Pedagogical Knowledge (PK) 
10. I know how to assess student performance in a classroom. 
11. I can adapt my teaching based upon what students currently understand or do not 
understand. 
12. I can adapt my teaching style to different learners. 
13. I can assess student learning in multiple ways. 
14. I can use a wide range of teaching approaches in a classroom setting. 
15. I am familiar with common student understandings and misconceptions. 
16. I know how to organize and maintain classroom management. 
Technological Pedagogical Content Knowledge (TPACK) 
17. I can select technologies to use in my classroom that enhances what I teach, how I 
teach, and what students learn. 
18. I can use strategies that combine content, technologies, and teaching approaches 
that I learned about in my coursework in my classroom. 
19. I can provide leadership in helping others to coordinate the use of content, 
technologies, and teaching approaches at my school and/or district. 
20. I can choose technologies that enhance the content for a lesson. 





Appendix C: Recruitment Email 
               I am Fitsum Abebe, a PhD candidate, who is passionate about investigating 
elementary pre-service teachers’ technology integration self-efficacy measures. I am 
planning to conduct interview with the University of Nebraska-Lincoln elementary 
teacher training program students as part of a PhD dissertation. The purpose of this 
interview focusses on what pre-service teachers on the technology integration, Schmidt’s, 
D. A. et al. (2009) TPACK survey items. Further, pre-service teachers’ perception on 
their TPACK experience related to elementary math content during their teacher 
education program. Therefore, this specific project will assess the survey items from the 
pre-service teachers’ perspective. The interview data would explain will be used for face 
and content validity for quantitative result of my dissertation on measuring pre-service 
TPACK. 
                You are, therefore, invited to take part in this study. The information in this 
message is meant to help you decide whether to participate. The interview will take about 
15 to 20 minutes. You should be on practicum or student teaching in this semester 
(Spring 2020). You will meet with the principal investigator via Zoom to conduct the 
interview. Confidentiality will be maintained as noted in the attached consent form. You 
will receive $10 Amazon gift card, even if you choose not to finish the interview session. 
            The attached consent form has more detailed information about the study. Please 
read the consent form. Let me know if you are interested to participate by replaying to 
my email. Then, we will arrange time and date for the interview before Spring 2020 
semester ends. 
Thank you in advance,  
 
Fitsum Abebe (principal investigator fitstade@gmail.com , (402) (853) 4330  






Appendix D: Interview Protocol 
Interview Protocol:  Assessing the perception of pre-service teachers on the Schmidt’s, 
et al. 2009 survey instrument and their TPACK experience related to elementary math 
content during pre-service teacher training program. 
Time of interview: 15- 20 min 
Date and place: Via Zoom and each interview will be recorded. 
The purpose of this study is focus on what pre-service teachers perceive on the TPACK 
survey items and to assess their TPACK experience related to elementary math content 
during pre-service teacher training program. 
Initial Questions 
1. Please state your name and your specialization (if any). 
Pre-service TPACK Survey Questions Perception 
1. Please read the six Technological Knowledge (TK) items.  
a) Explain your understanding about the questions asked on the survey. 
b) What is TK mean for you? 
c) What kind of technology you are thinking about?  
 
2. Please read the three Content Knowledge (CK) items.  
a) Explain your understanding about the survey questions asked on the 
survey.  
b) What is CK mean to you? 
c) What kind of mathematics content you are thinking about? 
3. Please read the seven Pedagogical Knowledge (PK) items.  





b) What is PK mean to you? 
c) What kind of pedagogy you are thinking about? 
 
4. Please read the five Technological Pedagogical Content Knowledge (TPACK) 
items.  
a) Explain your understanding about the survey questions asked on the 
survey.  
b) What is TPACK mean to you? 
c) What kind of TPACK are you thinking about? 
 
Closing Questions 
1. How would you describe integrating technology into math curriculum?  
i. How would you describe your ability to integrate technology into your 
teaching of algebraic relationships, number systems, geometry at this 
time? 
2. What experiences during the teacher training program have helped you to develop 
technology integration competency? Which ones do you value the most?  Why 
and why not? (E.g., experiences in specific courses, specific activities, educators 
or others)  
3.  Describe your experience during the teacher training program that you witnessed 
when your professors modeled technology integration in their classrooms? What 
have you learned?   
4. What do you think is the most important knowledge and skills that would be 







Appendix E: Informed Consent Letter 
IRB #: 20200219659EX 
 
Participant Informed Consent 
 
Formal Study Title:  
Assessing the perception of pre-service teachers on the Schmidt’s, et al. 2009 survey 
instrument and their TPACK experience related to elementary math content during pre-
service teacher training program. 
 
Authorized Study Personnel 
Principal Investigator: Fitsum Abebe, PhD Candidate Office: (402) 466-
4774 




If you agree to participate in this study, the project will involve Males and Females of age 
at least 19 and above. You will be interviewed once in Spring 2020 semester for about 15 
to 20 minutes.  There are/are no risks associated with this study. You will be provided a 




You are invited to take part in this study. The information in this form is meant to help 
you decide whether to participate. If you have any questions, please ask.  
 
Why are you being asked to be in this study?  
  
You are being asked to be in this study because you are pre-service teacher who is either 
on practicum or student teaching. You must be 19 years of age or older to participate. 
 
What is the reason for doing this study?  
The purpose of this study to explore the perception of pre-service teachers on Schmidt, D. 
A. et al. (2009)’s survey items. Albeit Schmidt, D. A. et al. (2009) and many other 
researchers found the instrument as valid and reliable instrument, many others question 
its validity when it comes from pre-service understanding of the survey items in different 




perspective. Further, it assesses TPACK experience related to elementary math content 
during pre-service teacher training program. 
What will be done during this study?  
 
 You will be asked to read 21 survey items from on Schmidt, D. A. et al. (2009)’s survey 
instrument. Then you will be interviewed on your understanding of the items in the 
survey using two to three interview questions for the seven knowledge domain items in 
the survey instrument. In addition, you will respond to one opening and four closing 
questions to further explore your understanding and readiness of technology integration 
in classroom.  The interview will take 15-20 minutes to complete, and you may complete 
it in zoom meeting with the principal investigator.  
 
How will my data be used? 
 
This study will involve the collection of private information names and specializations. 
This information could be used or distributed to other researchers for future studies 
without an additional informed consent from you. Identifiers names and specializations 
will be removed and replaced by pseudonyms prior to being distributed. 
 
What are the possible risks of being in this study? 
 
There are no known risks to you from being in this study. 
 
What are the possible benefits to you? 
 
 You are not expected to get any benefit from being in this study. 
 
What are the possible benefits to other people? 
The benefits to researchers and practitioners of technology integration may include better 
understanding of pre-service teachers’ perception on the Schmidt, D. A. et al. (2009)’s 
survey instrument which has been wildly used in educational technology study and 
practices. Therefore, this study will inform future teachers, educators, and researchers.  
 
What will being in this research study cost you?  
 
There is no cost to you to be in this research study.  
  





You will receive $10 gift card during your interview session, even if you choose not to 
finish the interview session.  
 
What should you do if you have a problem during this research study? 
 
Your welfare is the major concern of every member of the study team. If you have a 
problem as a direct result of being in this study, you should immediately contact one of 
the people listed at the beginning of this consent form.  
 
How will information about you be protected?  
 
Reasonable steps will be taken to protect your privacy and the confidentiality of your 
study data. 
The interview will be digitally recorded and transcribed. After the interview has been 
completed and transcribed without identified names. Pseudonyms will be used in place of 
your name to protect anonymity.  The two researchers will review the transcription 
together and confirm the correctness. The data will be stored in a secured folder in cloud 
drive (box) and it will only be downloaded on the personal laptop to analyze and 
manipulate the result.  The data will only be seen by the study team during the study and 
for three years after the study is complete.  
 
The only persons who will have access to your study records are the study personnel, the 
Institutional Review Board (IRB), and any other person, agency, or sponsor as required 
by law. The information from this study may be published in scientific journals or 
presented at scientific meetings but the data will be reported as group or summarized data 
and your identity will be kept strictly confidential. 
 
What are your rights as a study subject?  
 
You may ask any questions concerning this study and have those questions answered 
before agreeing to participate in or during the study. 
 
For study related questions, please contact the investigator(s) listed at the beginning of 
this form. 
 
For questions concerning your rights or complaints about the study contact the 








What will happen if you decide not to be in this study or decide to stop participating 
once you start?  
 
You can decide not to be in this study, or you can stop being in this study (“withdraw’) at 
any time before, during, or after the study begins for any reason. Deciding not to be in 
this study or deciding to withdraw will not affect your relationship with the investigator 
or with the University of Nebraska-Lincoln. 
 
You will not lose any benefits to which you are entitled. 
 
Documentation of informed consent 
 
You are voluntarily making a decision whether or not to be in this study. Signing this 
form means that (1) you have read and understood this consent form, (2) you have had 
the consent form explained to you, (3) you have had your questions answered and (4) you 
have decided to be in the study. You will be given a copy of this consent form to keep.  
 
Participant Feedback Survey 
 
The University of Nebraska-Lincoln wants to know about your study experience.  These 
25 questions, multiple-choice survey is anonymous.  This survey should be completed 











 ______________________________________   ___________ 









Appendix F: Overview of type of studies on TPACK from 2009 to 2017 
Table 20 
Overview of type of studies on TPACK from 2009 to 2017 
 
Authors Study Design Data Source Study Goal on 
TPACK 
Subject Specific 
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Appendix H: Sample Level One TK Code Table 
  Frequency Percentage 
Chromebook 7 87.50 
Computer 6 75.00 
Google Suite 6 75.00 
Apps 5 62.50 
Game 4 50.00 
iPads 4 50.00 
Websites 4 50.00 
Video 4 50.00 
projectors 3 37.50 
Smart boards 3 37.50 
Pear Deck 2 25.00 
Zoom 2 25.00 
Quizlet 2 25.00 
Go Noodle 1 12.50 
Tablet 1 12.50 
360 cameras 1 12.50 
Laptop 1 12.50 
External add ons 1 12.50 
Swivl 1 12.50 
Brain pop 1 12.50 
Coding 1 12.50 
KAHOOTS the quizzes 1 12.50 
DOCUMENTS with code(s) 8 100.00 
DOCUMENTS without 
code(s) 
0 0.00 
ANALYZED 
DOCUMENTS 
8 100.00 
 
 
